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FOREWORD 





This atlas of fossils and minerals offers the prospect of reconstructing the 
fascinating past and present geological history of our planet, as well as 
reviewing the advent and evolution of life on Earth. It therefore is a useful 
instrument in learning about the great variety of rocks, minerals, and fossils that 
we can find beneath our feet. 

The various sections of this book make up a 
true compendium of mineralogy and paleontology. 
There are many illustrations, including numerous 
photographs and drawings showing the main 
characteristics of rocks, minerals, and fossils. 
These illustrations, which are the core of the 
book, are complemented by brief explanations 
and notes that facilitate understanding of the 
principal concepts, and an alphabetical index that 
makes it easy to locate any topic of interest. 

When we set out to produce this atlas of fossils 
and minerals, our goal was to create a practical 
and instructional work that would be useful, 
accessible, scientifically accurate, and at the 
same time enjoyable and clear. We hope the 
reader will agree that we have achieved this goal. 
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INTRODUCTION 


INTRODUCTION 


MINERALS AND FOSSILS 


The study of minerals and rocks is closely tied to 
geology, but its beginnings go back much farther 
than that science. In the final analysis, it is related to 
the physical foundation on which we live because 
it involves the crust of our planet. Certain types 
of minerals and rocks were important as early as 
prehistoric times. In fact, the first hints of human 
culture are associated with minerals in the form of 
tools, implements made of flint, bronze, iron, and 
so on. Nowadays, our lives still depend in many 
ways on minerals such as those used in manufac- 
turing automobiles, airplanes and trains, surgical 
instruments, kitchen utensils, appliances, and even 
computer circuits. Precious metals and jewels are 
likewise minerals; they have been coveted ever 








since early times in different cultures of our species 
and in many instances have influenced the course 
of history. Today they continue to have an important 
role in our society. 

In addition, for many centuries minerals, rocks, 
and crystals have been collected because of their 
beautiful colors and attractive shapes. Many people 
have collected minerals at some time in their life 
even if it involved only those most commonly found 
locally. Many collectors search for these small bits 
of inanimate matter, classify them, and keep them 
in boxes to form interesting collections. There are 
numerous businesses that focus on this activity and 
sell attractive display cases to get our attention. 


The rocks and minerals of our planet have not 
always been the same but have undergone 
transformations over the course of time. 





Volcanoes are evidence of 
the geological vitality of the 
earth. The photograph shows 
layers of various materials 
expelled by a volcano in the 
Canary Islands. 





Interest in fossils is also widespread although it 
developed somewhat later; however, it has made up 
for lost time and now equals mineral collecting in 
popularity. Countless hobbyists interested in the 
petrified remains of plants and animals from past 
ages search all over the world in ancient deposits 
and old quarries in the hope of finding a new 
species. Sometimes they succeed. ° 


MINERALOGY 


This science is devoted to studying, from various 
viewpoints, minerals and the aggregates they 
form—in other words, the objects we know by the 
term rocks. One important aspect is their chemical 
composition, which determines many of their 
properties. It’s equally important to know the 
shapes and the properties of crystals, and 
crystallography, one of the major branches of 
mineralogy dedicated to these features. 


In the following pages we will see what minerals are 
like by following various steps that will help us 
understand why they take on one shape or another 
and why they occur in such a great variety of colors. 

In the first section of this atlas, entitled “Basic 
Information About Collecting Minerals,” we focus on 
the beginning: when our planet originated and the 
first minerals and rocks were formed. Then we 
consider the practical aspects of collecting minerals, 
in other words, how to gather them, handle them, 
and use them to prepare the most complete 
collection possible, including those most commonly 
found in our immediate vicinity as well as others 
from distant places that may appeal to us because of 
their beauty. 





Gypsum, shown here in the 
form of beautiful crystals, is 
an abundant mineral on 
Earth and has many 
applications. 
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Sample of 
muscovite or 
soft mica. 


Once minerals have been cleaned, they have to be 
identified, a task that requires patience and 
thoroughness. In identifying minerals we have to 
consider their most important features. The type of 
crystal, the system to which it belongs, the hardness, 
the color, and other factors are some of the 
characteristics a hobbyist quickly learns to use with 
a little experience. Once we have identified a 
mineral, we can begin preparing our collection, 
arranging it according to various criteria, one of the 
most general ones being the type of mineral 
involved. 

Collecting gives rise to two of the major sections 
in this book. In one, entitled “Crystals and Minerals,” 
we will see some of the main types of specimens 
that can be found in nature and which may come to 
be included in our collection. We will see common 
minerals such as copper, and precious stones such 
as diamonds and emeralds. All of them are important 
to collectors, who are fascinated by the beauty of 
their crystalline shapes and their colors. 

The next section, which bears the title “Rocks,” is 
devoted to the most common materials that make up 
part of the crust of our planet and can be found in 
practically any terrain that we visit. In some cases, 
beneath the forest floor there are small rocky 
fragments that a few yards farther down make up 
the bedrock on which soil has formed to receive 
vegetation. 


PALEONTOLOGY 


The definition of this discipline is relatively simple: 
Paleontology is the science that focuses on the 
study of fossils. But beyond this evident simplicity 
paleontology is a discipline that requires a lot of 
patience because it’s difficult to find and study 
fossils. When paleontologists discover fossil re- 
mains, they study the location of the find and try to 
identify the specimen. Often it belongs to a species 
that’s already known, but in many other instances 
it’s one that hasn't been previously discovered. Then 
the detective work begins. The find may be a new 
species, but one that belongs to a genus of which 
other fossil species are Known. The paleontologist’s 
job involves giving a name to that species, and this 
is a job for a specialist like him or her. 

It's even more exciting to deal with a species that 
has no known near relatives. In this case it is 
necessary to try to determine on the basis of the 
remains what the original animal or plant was like, 
how and where it lived, and the general zoological or 
botanical class in which it should be included. By 
comparing similar organisms it’s possible to confirm 
relevant data using methods that have already 
proven useful; however, as a study progresses, it’s 
often necessary to modify preconceived notions to 
bring them closer to what existed in reality. The 
available proof is nearly always indirect, and it in 
turn raises many questions, creating quite a 
challenge for science. 

This fascinating scientific work can also be done 
by hobbyists as they try to figure out what it is that 
they are holding in their hands. 
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Using books, guides, and visits to museums 
where well-known fossils are exhibited, you will be 
able to determine the name of a fossil you have 
found. Discovering this name will thus be the reward 
for your efforts, and for the many hobbyists who 
enjoy collecting fossils, this seems to be more than 
adequate compensation. 

In this book we will show briefly how fossils were 
produced and how we can organize them into an 
attractive collection. The section entitled “The 
History of Fossils” will provide a brief but fascinating 
trip through the history of our planet from the time 
life first appeared up to the near present; it will show 
precisely what fossils represent as evidence of our 
history, and often of our ancestors as well, even 
though many of them are quite far removed in time. 

In the section entitled “Types of Fossils,” we will 
take a broad look at the major groups of organisms 
that have been preserved as fossils up to our time. 
There are large and small plants and, especially, 
animals with hard parts that can be transformed 
into minerals, from mollusk shells to dinosaur bones 
and the remains of our hominid ancestors. 

The book closes with a section entitled “Preparing 
a Fossil Collection.” It contains some of the basic 
instructions for collectors who wish to classify the 
fossils they have found to make them into a small 


Humans have been mining 
minerals ever since ancient 
times. This silver and tin mine in 
Potosi, Bolivia, has been worked 
continuously for more than 400 
years. 


collection that may increase in value through 
organization and maintenance as time passes. 

In the case of both minerals and fossils, the most 
important and most satisfying thing is to prepare a 
collection using the samples you have found, finding 
out their names and learning all you can about their 
Origins and the places where they were discovered. 
It's possible to acquire many examples from other 
areas, but in any case it’s better to begin a collection 
and fill it out with fossils you have found yourself. 
Part of the work of assembling a collection takes 
place in the field, looking for interesting examples, 
but the time spent at home on the deliberate tasks of 
identification and classification is just as important. 
The zealous collector will find enough time for both 
of these activities. 


Studying fossilized plants and 
animals makes it possible 
to study the evolution 
of the species. 
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THE COMPOSITION OF THE EARTH’S CRUST 


When the sun was formed, along with the series of | It contains these chemical elements in differing 
planets that revolve around it, including Earth,some proportions, as do the lower layers, which differ in 
of the chemical elements that we know today also composition and are still molten. In solid form these 
appeared. Later, the surface layer of the earth chemical elements are the minerals and rocks that 
solidified and produced what is known as the crust. make up our physical world. . 







CROSS SECTION OF 
THE EARTH 


There are several theories about how our 
planet originated from matter spinning 
around the sun. However, whatever its 
origin, what we have today is a sphere 
made up of a series of concentric layers. 
Basically, we can distinguish a core, 
which makes up the central mass and 
consists principally of iron and nickel; a 
mantle made up of siliceous matter; and 
finally, toward the outside, a crust, which 
also is made up of siliceous matter. The 
core in turn is composed of two parts, a 
solid inner one and a liquid outer one. The 
mantle, which comes next, is solid at the 
deepest levels and liquid closer to the 
outside. This layer is in contact with the 
crust, which is solid. 
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THE THICKNESS OF THE CRUST 


Beneath the oceans the earth’s crust is between 3 and 6 miles (5 The earth’s crust is at a temperature 
and 10 km) thick, but the thickness of the continents varies between 32° and 1,100°F (0° and 600°C), 
between 21 and 60 miles (35 and 100 km). and the temperature increases with depth. 


THE EARTH’S CRUST 


In places this solid covering of the planet 
reaches 60 miles (100 km) in depth. However, 
we have direct knowledge of only the most 
superficial part of it because the deepest holes 
drilled have scarcely reached 9 miles (15 km). 
The crust is solid, and its composition varies 
widely: The oceanic crust is rich in silica and 
magnesium (often referred to as sima), and 
the continental crust is rich in silica and . 
aluminum (sometimes called sial). 





The average density of the 
crust is between 2.5 and 3. 
The photograph shows strata 

in the Furioso River valley 

(Argentina). 
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THE OUTERMOST LAYERS OF THE EARTH 
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Silica (Si05) is the most common 
chemical substance on the planet and is 
found in minerals called silicates. 


THE EARTH’S MANTLE HOW WE LEARN ABOUT THE INSIDE OF THE EARTH 


AND CORE 


The mantle is the thickest layer of our planet 
and accounts for about 68 percent of the 
earth’s total mass. Its density increases with 
depth, from 3 at the top to 5.4 deeper down. It 
extends as far as the core, up to 1,800 miles 
(2,900 km) deep. It is made up of various 
minerals, most notably olivine, pyroxene, and 
feldspar. 


formed the Earth, seismic waves produced 
by earthquakes, which allow us to calculate 
the Earth’s density, volcanic eruptions, which 
bring up mantle material, and gravity, which 
allows us to determine the thickness of 
Earth’s layers. 


Because we have only been able to reach 
depths of a few miles, all remaining data 
regarding the inside of our planet has been 
obtained by way of indirect methods. Among 
them are the study of meteorites, which are 
remnants of the same cloud of matter that 


SEISMOGRAPHS 


The core makes up about 30 percent of the 
earth’s mass. The main mineral in the core is 
iron, along with sulfur in the outermost part 


The internal activity of 
our planet is recorded 
by seismographs. The 


and nickel in the deepest interior. It extends ilustration shows wo 0llti(‘iérk i | mass 
between a depth of 1,800 miles (2,900 km) simple types. j 

and the center of the planet, 3,900 miles Pe ee Ome 

(6,370 km) from the surface. are 
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The temperature of the mantle varies between 1,650°F (900°C) in 
the upper layer and 7,200°F (4,000°C) in the lower layer; in the 
core it varies between 7,700° and 11,700°F (4,300° and 6,500°C). 





Lava is the product of a volcanic eruption. When it solidifies, it can take many shapes 
and contains a wide variety of minerals. 
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COLLECTING MATERIALS 


ait. 
NO 





cassia nt 22 lot 


Of course, one of the first and most obvious tasks away later because they don’t appear to be 
in building a mineral collection is gathering the — interesting. Gathering the materials is an important 
materials. And this involves more than simply filling job that has to be done in a well-organized, planned 
a backpack with rocks and then throwing them manner. 





WHAT KIND OF COLLECTION DO WE WANT? 


At the outset, before even beginning, we have 
to think carefully about the type of collection 
we want to have. This is important because 
gathering the rocks and minerals around us is 
quite different from creating a collection from 
the great variety that exists all over the planet, 
which will make it necessary to acquire many 
pieces from specialized mineral shops. The 
collection can also be divided into two 
sections, one devoted to minerals and rocks 
from the geological bedrock of the area 
where we live and the other made up of 
minerals from other areas. We can collect the 
latter as we travel or buy them if we don’t 
have access to deposits. 


_ Basalt formation 
on the southern 
coast of Iceland. 


A map on the scale of 1: 200,000 will 

give you a general idea of an area SOURCES OF INFORMATION 

measuring about 3,500 to 5,000 square 

miles (6,000 to 8,000 sq km). For smaller Visiting a museum of natural history becomes truly When it comes time to plan a collection of 
areas you can use maps on a 1:50,000 fascinating when an expert or a good guide explains the racks and minerals, a useful step can be a 

or 1:25,000 scale. eS ea visit to a museum that exhibits these materials 
arranged according to scientific criteria. 
Viewing the pieces displayed together allows 
us to focus our ideas more clearly. 

Surely there will be some minerals that 
strongly appeal to us, and this appeal may 
provide us with some direction in planning. We 
can also obtain information by visiting shops 
that sell minerals. The next step is to get a 
geological map of our area and another more 
general one, perhaps of the entire planet. Then 
we will know where the main types of rocks 
and minerals occur. Geology books are 
likewise important because they provide a 
more thorough knowledge of what we are 
going to find: Every mineral has appeared as 
the result of specific geological processes. 


When we collect a mineral, it's 
= important to determine what 
a events occurred at a given 


—_ location that caused the 
mineral to be formed. 








When we are equipped with a map and a 
compass in order to locate the right area, the 
first trip to the field will reveal to us any other 
information we may need. It’s important to 
bring plastic bags for keeping separate any 
minerals we may find and to record brief notes 
indicating important data for later use in 
classifying them. in addition we will need a set 
of basic tools, one of which is a geologist’s 





in national parks and other protected areas it’s forbidden to gather 
either plants and animals or stones and minerals because they are 


part of the ecosystem. Keep this in mind! 





NN) Ordovician: calcareous 





' Silurian: calcareous 
Devonian: clay and loam 
*~ Carboniferous: calcareous 
» Permian: calcareous and lacustrine 
Triassic: Clays 
: ' Jurassic: calcareous 
Cretaceous: clays and gypsum 





Above, the basic equipment 
for gathering minerals. 


4s enjambement 


ee 





IMPLEMENTS AND TOOLS 


hammer for breaking up large pieces. It’s also 
a good idea to bring a pick, as well as a 
magnifying glass to look at the small details of 
the samples we find. A smail notebook is also 
essential (and don’t forget a pen or a pencil) 
for jotting down ail the observations that seem 
to be important and will be useful on 
subsequent forays. 


In gathering a rock or 
mineral specimen, you 
should avoid disrupting 
the rest of the 
surroundings, damaging 
the soil, or destroying 
possible burrows or other 
shelters used by animals. 








layer line 
discordant contact 
Oligocene 3: conglomerates 

Oligocene 2: conglomerates 

Oligocene 1. conglomerates ___ fossil deposits 
undifferentiated oligocene C es 6@® 
sintectonic conglomerates 








Quarries are good places to find layers containing a 
variety of minerals. If you plan to explore a quarry or 
another place where there are loose rocks (even small 
ones), it’s a good idea to wear a helmet (like the ones 
used by speleologists). 





WHERE TO LOOK 


The best places to find minerals are alluvial 
deposits in rocky areas on slopes and in 
locations where rock slides occur. However, 
you have to be careful. Many of these sites are 
dangerous because the terrain is often 
unstable (as in the case of a steep, rocky 


slope). An old quarry can also provide material 


that’s already broken up. In any case, you 
should always be vigilant on every outing 
because an interesting specimen can often © 
appear in the least desirable location. 


A geological map indicating the geological ages and the 
type of soil, as well as the areas where certain types of 
fossils can be found. 
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HOW TO PREPARE A COLLECTION 


HOW TO PREPARE A COLLECTION 





Once we have the material we want to keep, we 
have to prepare it for storage. If we have gathered 
material during an excursion into the field, one of the 
first tasks is to clean it up; then we have to prepare 


labels and place each sample in an appropriate 
place, whether in a box or a display case. All these 
tasks should be repeated as new specimens are 
added to the collection. 


PREPARING THE MATERIAL 


Whenever we gather a piece of rock or mineral in the field, it’s most 
likely to be dirty or mixed with other matenals that we want to remove. 
However, before proceeding to clean it we have to know what type of 
mineral we are dealing with because some, such as rock Salt, dissolve 
in water, and if we wash them in water we will lose the specimen. The 
first cleaning is usually done with a coarse-bristle brush, which removes 
dirt stuck to the sample. Then, if the specimen is delicate, a soft brush 
or an artist's brush can be used. Some more durable minerals are 
commonly polished to make them shine, and for this purpose a machine 
called a rock tumbler is used. Other minerals form geodes, and in order 
to reveal the intenor, they have to be cut open with a special machine. 
These jobs, especially the latter one, are best left to a professional. 


A card for 
labeling a 
mineral. 


After the work is done, all the tools should 
be cleaned thoroughly because traces of 
one mineral could alter another. 





tems used in working with minerals: an Mustrated guide, a scrub 
brush, tweezers, a basin, an artist's brush, a pick and so on. 



















Preparation of the collection should begin following the first outings into the field. It 
mustn't be put off because we are likely to forget many important observed details. 


If a sample is large, we can break it up into 
smaller pieces that can be used in trading for 
specimens we don't have. 





CLASSIFICATION 


Classification is a task that often goes slowly because it is difficult to 
identify the samples we have in hand. We can proceed by following the 
instructions in a guidebook that provide all the important data we need. 
One general classification distinguishes between minerals and rocks. 
Minerals commonly occur in the form of more-or-less regular crystals. 
Rocks, on the other hand, can be made up of a single mineral, whether 
altered or not, or of different minerals. Within these two large groups, 
minerals can be classified according to the type of compound that they 
form (silicates, carbonates, sulfates, oxides, etc.), and rocks can be 
classified based on how they were formed (igneous, sedimentary, or 
metamorphic). 








Filing cabinet for a large mineral 
collection. While the minerals are 
being studied and classified, they 
can be kept wrapped and identified 
with a number in a cardboard box. 














ORGANIZATION 


In organizing the minerals and rocks that 
make up a collection, you can simply use 
cardboard boxes to hold the specimens, 
which should be wrapped in paper and duly 
identified. You can also use wooden boxes 
divided into small compartments and covered 
with a piece of glass (such display boxes are 
available ready-made in specialty shops) to 
display your collection. But for a large 
collection, it’s customary to use either small 
Cabinets with drawers or filing cabinets to 
hold the specimens. This allows the material 
to be organized and classified according to 
groups. 





¢ Petrology is a discipline devoted to 
studying the formation, modification, 
and classification of rocks. 


e Crystallography involves the study of 
how minerals crystallize, as well as the 
properties and classification of crystals. 


¢ Mineralogy is dedicated to studying the 
physical and chemical properties of 
minerals. 


0 display HIT colle , tinr 


piged 


ready 


Collecting 


Titel 





Crystalline 
Systems 


Gems 


Crystals and 
Minerals 


Rocks 


Life on 
Earth 


The Formation 
of Fossils 


Extinctions 


Types of 
Fossils 


Dinosaurs 


N 


fammal 


and Hominid 


Excel: 
FOSSHS 


Collecting 


F Sc 


SiS 


Fossi 


Deposits 


Aiphabetica! 
Subject Index 


2 
= 
LU 
—_— 
nN 
> 
cn 
LJ 
= 
ed 
=< 
—_ 
*) 
> 
rc 
O 
re 
Z 
< 
a 
z 
a 
nO 
> 
ar 
O 





CRYSTALS AND CRYSTALLINE SYSTEMS 


ee ee Sg 





Most minerals occur in a crystalline form that is but they can all be placed in one of the main groups 
more or less regular. Crystals come in many different known as crystalline systems. Each type of mineral 
sizes and colors, which often makes them attractive, | has characteristic crystalline properties. 


THE FORMATION OF CRYSTALS 


When the chemical compounds that make up a mineral develop, they 
take on a three-dimensional shape called a crystal. Each type of mineral 
forms a specific type of crystal, even though the external appearance of 
two crystals of the same mineral can often be quite different. This 
process takes place in the lower layers of the planet where tremendous 
pressures and high temperatures produce rocks containing crystals. 
Other minerals, such as salts, are formed when chemical elements in 
solution surpass a certain concentration. The excess elements (or 
compounds) condense out in the form of crystals. In addition, 
crystallization can occur at or near the surface of magma and lava. 























The different faces of a single crystal can 
grow at different speeds and take on 
irrequiar shapes. 


“Glass crystal” is not really a crystal as ote 
because it lacks symmetry. It’s merely an eEee 
a transparent clump of material. “ 


The size of crystals depends 
on how quickly they form: 

The slower the formation, the Aas, 
larger the crystal. 





AN IMPORTANT LAW 


No matter how different the crystals of 
different samples of the same mineral may 
appear, they possess a charactenstic that 
makes it possible to determine what they are 
and confirm that they are of the same type. This 
\ characteristic is defined as Steno’s law of the 
constancy of interfacial angles: An interfacial 
langle is the angle formed by two faces of a 
crystal. At the same pressure and temperature, 
all the crystals of a single substance have the 
same dihedral angle. For example, the faces of 
A goniometer is an a pyrite crystal always form a 90-degree angle 
instrument used by with one another even though they come from 
scientists to determine ‘ ; : 
the angles formed by the different deposits, and the angles in a quartz 
faces of crystals. crystal are always 120 degrees. 


Pee ee 
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three axes are perpendicular to one another 






= i Example 





monometric — three axes of equal length cubic or isometric garnet 
dimetric two axes of equal length _ tetragonal three axes are perpendicular to one another: the two zirconium 
and one different one similar ones are in the same plane, and the other one is perpendicular 
hexagonal three axes in one plane intersect at a 60° angle, and a fourth axis is beryl 
perpendicular; there are six planes of symmetry 
trigonal like the hexagonal system but with three planes of symmetry quartz 
trimetric three axes of different | rhombic two axes are perpendicular to one another, and the third is topaz 
length perpendicular to the plane that they form 
monoclinic two axes intersect at an oblique angle, and the third is perpendicular to them _epidote 
triclinic three axes intersect at different oblique angles amanite 


Classification of crystals: above, an example of 
each system 


pyrite 





cubic hexagonal 


tetragonal 


AGGREGATES 


Crystals can grow in isolation, but it’s more common for them to appear 
together, forming what’s known as aggregates. This term is applied 

to two or more crystals that grow together according to certain rules. 

In addition, they can be found inside a clump of different material (a 
matrix) from which they protrude to varying degrees. When the matrix 
from which the crystals protrude is flat, it is known as a druse, and if 

it is concave, it is called a geode. These are two forms that are 
encountered frequently in nature. 


The axis of symmetry is an imaginary line about which a crystal 
can undergo rotation during which there may be one, three, four, 
or six repetitions of its appearance (e.g., lines, angles, faces). 
The plane of symmetry is the plane that divides a crystal into 
symmetric parts. 











baryte gypsum feldspar 





triclinic 






A geode is a cavity in 
a rock whose walls 
are encrusted with 

more-or-less 
crystallized minerals. 


When an aggregate takes on 
the appearance of a tree it is 
called a dendrite. 
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Various important characteristics are used to identify | some of them there are charts of values that, even 
minerals, such as hardness, transparency, and, in though they are not precise, have great practical 
some cases, color. We will take a look at nine of the application and are available to every collector 
properties commonly used for this purpose. For without the need for laboratory instruments. 


ie 


IFICATION OF CR’ LS BY HARDNESS (MOHS’ SCALE a 
Hardness refers to a mineral’s resistance to being scratched. Mohs’ 


talc can be crumbled with a fingernail scale, which goes from 1 (softest) to 10 (hardest) is used in measuring 
this quality. Each mineral on a given step of the scale scratches all 






z oxen ii those on lower steps and is scratched by those on higher steps (but 
3 calcite can be scratched with a copper coin cannot scratch them). Thus, calcite scratches talc and gypsum but 
4 fluorite can be easily scratched with a pocket knife Ca er ee eee ee 
5 apatite can be scratched with a pocket knife 
6 feldspar barely scratches a windowpane "SPECIFIC GRAVITY 
7 quartz easily scratches a windowpane This term refers to the ratio of the density of a substance to the density of 
9 corundum scratches topaz specific gravity = P,/(P, — Po) 
10 diamond — can be scratched only by another diamond 


where P; = the weight of the mineral in the air and P> = the weight 
of the mineral in water. 


If you can see through a crystal, it is 
transparent; if light does not pass 
through it, it is opaque; if light passes 
through it but you can’t see shapes 
beyond it, it is said to be translucent. 


The appearance of the surface of a mineral 
when a light is directed onto it is called luster. 





= In order to determine the specific 
weight of a mineral, it is submerged 
in distilled water and the difference in 
weight between the displaced water 
and the mineral is calculated. 





Sapphire is one of the hardest minerais known 
(hardness of 9 on Mohs’ scale). It can be 
scratched only by a diamond. 


Silver, which commonly appears in veins, Is 2 st 
soft, ductile, malleable metal and is an excelle Malachite (left) is opaque; in other words, 
thermal and electrical conductor. light doesn't pass through it. 
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The Earth 
Fracture refers to the way a mineral breaks along a plane other 
than a plane of cleavage. Some form a smooth surface, and others 
produce a rough surface that may even contain sharp points. 
Collecting 
Minerals 


Tenacity refers to the resistance of a mineral to crushing, bending, 
or tearing, that is, its cohesiveness. Some minerals crumble, 
whereas others are flexible and bend. Still others are malleable; 
that is, they can be shaped by striking them (e.g., copper). 


Crystalline 


ECTS 









Gems 
CUGHT REFRACTION 
Refraction occurs when a ray of light passes through a mineral and | 
ate cue +, Mile « Crystals and 
changes direction. The degree of deviation from its original path is Minerals 
called the index of refraction. 
LIGHT REFRACTION IN A CRYSTAL Rocks 
f-— ee. = _[__________ intersecting ray of light 
air Life on 
“os iii ae Earth 





angle of incidence 
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The Formation 








of Fossils 
Some minerals such as those with prismatic crystals, are capable of breaking down 
white light. 
. Extinctions 
__________ angle of refraction 
crystal 
— eT Types of 
Fossils 
________ Felfacted ray 
Dinosaurs 
Mammal 
and Hominid 
Color is a noticeable characteristic but is not always a definitive one. 
For example, malachite is clearly green, but epidote has a variable cme TE crea Facer ail apatt Collecting 
: yrite (top left) is opaque; quartz (right) is commonly tre rent: and apatite : 
color ranging from emerald green to red and yellow. (lower left) is translucent. Fossils 
= . Fossil 
_ STREAK Color Typical Minera! Color Deposits 
reen merald 
The streak is the color of the fine powder of a mineral obtained by colorless diamond gree f 
scratching it against a hard white surface. Specialty shops sell white milky quartz blue aquamarine 
scratch plates, but you can also use the rough side of a floor tile a 4 ' Alphabetical 
(even though this method doesn’t work with all minerals because pink pink qua re agate Subject Index 


the hardest ones scratch the tile). amber beryl purple amethyst 





GEMS 


Gems, or precious stones, are certain types of mineral valued ever since ancient times. Many of them are 
crystals that have sufficient beauty and durability tobe = rare or only occasionally reach considerable size. In 
used in personal adornment. They are characterized —_ order to turn them into precious jewels their properties 
by their special luster or color and have been highly _ have to be revealed, and this is done through cutting. 


Diamonds cut in different 
shapes intended for 
jewelry. 


CUTTING 


Cutting minerals is an ancient art dating from 
prehistoric times when primitive people 
knapped flint to create sharp edges. Flint was 
used to make the first weapons and tools. 
Cutting precious stones involves the same 
principle, except that the goal is to display 

the mineral’s luster and color. The simplest 
method involves polishing the crystal to give it 
a smooth, shiny surface and a rounded shape. 
This type of cutting results in a cabochon. 
The most complex cuts are those made on 
diamonds and similar stones, which involve 
forming a crystal from a certain number of flat 
faces. Because the object is to create the 
greatest possible brilliance, it’s important for 
the angles of these faces to be precise so that 
the light that penetrates the diamond is 
reflected throughout. 





Rings with stones cut into | 
cabochons. 











In order to cut a precious stone The diamond cutters of Amsterdam, 
i's essential to know its Holland, which has a long tradition of 
eee cara cer ad germany /ewckaquonet i omctiiade MINERALOGICAL 
(1.e., facets), luster, and so on. world. MICROSCOPES 
PARTS OF A CUT PRECIOUS STONE Mineralogical microscopes are similar to 
those used for observing microorganisms 
100 % and tissues; scientists use them to identify 
- : | I minerals. Some of their components are | 
< , 06 % »! different, such as the polarizing filters. A 
A di mineral is cut into a thin sheet through which 
crown 19 % . a beam of polarized light is passed. Because 
ie | ea each mineral has different polarization | 
y yf characteristics, this method makes it possible 
- 39° \ to identify the minerals that make up an 
x agglomerate or a rock. 
facets 


culet 40 % 


Natural light is not polarized and vibrates 
in all directions. Polarized light vibrates in 
just one plane. 





DIFFERENT TYPES OF CUTS | 





in a certain ple 
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almond cut cabochon terraced cut diagonal! cut 
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IMITATION STONES 


The Earth 


PRECIOUS STONES 
Imitation precious stones, which may or may 








a valuable one to avoid theft). The simplest but 
e Crystalline 
glass, joining them together so that they look Systems 


not be perfect, are used for many purposes Collecting 
often the least perfect ones are colored glass. 

Others are made by combining a natural 

like a large gem. For example, a garnet can heliodor rubelite sapphire golden topaz 

be glued to a piece of glass, or a real 


(e.g., in an imitation necklace worn instead of ruby diamond emerald Minerals 
precious stone with an artificial one or with 
sapphire to an artificial one. 








| Sapphires cut like diamonds Crystals and 
: can be distinguished from real on Minerais } 
_ diamonds by their reduced 
_ brilliance. aquamarine fire opal opal tourmaline 
Rocks 
DIFFERENT WAYS OF COMBINING A REAL GEM WITH AN ARTIFICIAL ONE 
beryl garnet natural sapphire oe 










The Formation 





of Fossils 
green Ne y 
__ adhesive ‘ y 
Y ‘i Extinctions 
N / 
\ y | 
beryl glass artificial sapphire 
Types of 
Drill bits, some of Fossils . 
which are ' 
equipped with 
diamonds 
Dinosaurs 
In drilling through 
hard ‘ie aa Rock crystal is used to make Varma 


imitation diamonds, but they 


can be distinguished from real and Hominid 
; Fossils 
ones because they don’t 


reflect as much light. 


in searching for 
water or oil), drill 
bits with artificial 
diamonds are 
used. 





Collecting 

SYNTHETIC STONES ai 
Synthetic minerals are made of materials that have the same chemical 7 
composition as natural minerals but different physical properties. Many Asis 
precious stones of this type are manufactured, such as diamonds, 
sapphires, opals, and emeralds. Although their general appearance is 
similar to that of naturally occurring minerals, when you look at them 
carefully you can see small inclusions, bubbles, different growth lines, Alphabetical 
and other flaws. However, these stones (especially diamonds) are used Subject Index 


in many industrial processes that require very hard minerals. 
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NATIVE METALS AND NONMETALS 


This term refers to a group of minerals made up of a 
single element, in contrast to most of the others we 
are likely to encounter, which consist of several 


GOLD 


Gold has been one of the best known and 
most highly esteemed minerals since ancient 
times. It is light or dark yellow, with a metallic 
luster; it is opaque, and it doesn't flake off. 


2.5-3 
15.6-19.3 
cubic system 








SILVER 


Silver is grayish white and has a metallic luster; 
it is malleable, and so it is easy to work. It is 
commonly found in nuggets and sometimes 
also in the form of small cubic crystals, as well 
as in different minerals such as galena. 


SILVER | 
2.5-3 
10.1-10.5 


cubic system 


| 





DIAMOND 


A transparent crystal of carbon, diamond can 
also be pink, yellow, orange, green, or blue. It 
is transparent, has a characteristic brilliance, 


Pts 


10 
3.51-3.52 


cubic system 





GRAPHITE 


Graphite is made up of carbon, like diamond, 
but is very soft (it soils the hands when it is 
touched) and black in color. 





1-2 
2-2.2 
trigonal system 












Because it is malleable, it can be worked 
quite well. It is a metal that does not change 
on contact with the air and can be dissolved in 
aqua regia, a mixture of 3 parts concentrated 
hydrochloric acid and 1 part concentrated 
nitric acid. Gold is found throughout the world, 
generally in veins of quartz or in deposits. The 
main deposits are in South Africa, Australia, 
Colombia, Mexico, and the United States. 


Ever since ancient times people have utilized gold as a 
Standard of value, aS a symbol of power, and for 
decoration. The photograph shows a pre-Columbian 
gold breastplate from the Tolima culture (Colombia). 





and is the hardest mineral known. It is used in 
jewelry because it is one of the most coveted 
gems and is also used in industry as an 
abrasive (as in perforating drill heads). The 
main deposits are in Africa and Brazil, but 
some exceptional specimens have been found 
in many other locations, such as India. 


Diamonds are one of the most highly valued gems. The 
photograph shows a diamond in a brilliant cut mounted 
in the setting of a ring. 





elements. There are basically two types: metals such 
as silver and gold, and others that are not metals, 
such as graphite and diamonds. 

















In contrast to gold, when silver is exposed to 
the air, it oxidizes and becomes covered with 
a black film. Silver is highly regarded for use 
in jewelry. The principal deposits are in 
Mexico. 


Silver urn nearly 6 feet (2m) 
high belonging to the raja of 
Jaipur, India. 





Graphite has a metallic luster and 
commonly forms tabular clumps or 
crystals. It is used in making paints and 
lubricants, in making lead pencils, and 

for electrodes. It is found in many locations 
around the world. 




















Many pencils used for 
drawing have lead made 
from graphite. 








Gold, which may be the most highly regarded metal, is 
used in jewelry and goldsmithing, in odontology, and in 
industry. 


a 





producing a reddish vapor. It is found in 
clumps, in a pure state or mixed with other 
minerals. Copper is of great economic 
importance because it is essential to many 
industries. The main deposits are in Chile 
and the United States. 


COPPER 


This mineral has a characteristic reddish color 
and a metallic luster and does not flake off. It 
is malleable and dissolves in nitric acid, 












od 


Because of its excellent conductivity, copper is used 
mainly for making electrical wires, switches, devices, 
and so on. The photograph shows a rock with copper 
encrustations and electrical wires. 





pa 
8.8-8.9 


cubic system 


dissolved in aqua regia (a mixture of 3 parts 
concentrated hydrochloric acid and 1 part 
concentrated nitric acid). It is usually found in 
the form of small grains and scales and 
sometimes occurs in irregular masses and 
larger nuggets. It is a precious metal used in 
jewelry and also as a chemical catalyst in 
industry. The most important deposits are in 
South Africa, Russia, and North America. 


PLATINUM 


Platinum is gray, with a metallic luster; it is 
malleable and, when rich in iron, is slightly 
magnetic. It doesn’t flake off and can be 


Wnty 4 


4-45 
14-19 


cubic system 


Platinum has a relatively high melting point (3,222°F, 
1772°C), and so jewelers use a propane and oxygen 
torch to melt it. 





and is soluble in nitric acid. It in turn is used to dissolve 
silver and gold (e.g., in deposits) and separate them from 
other minerals. One well-known use is in thermometers, but 
it is also used in manufacturing explosives. It is commonly 
found as part of the mineral cinnabar. The most important 
deposits are in Spain, Yugoslavia, China, and California. 


MERCURY 


One of the most noteworthy characteristics of 
mercury is that it is the only metal that is 
liquid at room temperature. It is metallic gray 











: Mercury is one of the densest minerals. 
oS It is used in making mirrors and many 


aU : ee 
:; of) devices, including therrnometers. 


0 
13.6 
hexagonal system 





toxic gases with a distinctive smell. It is often 
found in volcanic earth and around fumaroles 
in the form of crystals. It has many industrial 
uses, such as in making insecticides, 
gunpowder, sulfuric acid, and fungicides. 


SULFUR 


Sulfur is brilliant yellow but sometimes can 
appear reddish. It melts easily, and when it is 
burned, it produces a blue flame and gives off 


1.5-2.5 
2.05-2.09 
rhomboid system 


some insecticides 
contain sulfur. 
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SULFIDES 


Sulfides are compounds of sulfur. They are relatively as lead, copper, nickel, and mercury; sulfides can 
rare, making up less than 0.1 percent of the earth's _ also contain precious metals such as silver and gold. 
crust. Sulfur forms compounds with many metals, The metallurgy of sulfides is simple, which makes 
and sulfides are important as sources of metals such — them easy to use. 































c H ALC 0 PYR TE when it breaks it forms jagged fracture lines. It 
is brittle, and dissolves in nitric acid. This 
mineral commonly occurs in irregular clumps, 
This sulfide of copper and iron resembles although at times it also forms crystals. The 
pyrite and is often tarnished to a dark-brass Streak is greenish black. Chalcopyrite is the 
or iridescent color. It has a metallic luster, and principal metal from which copper is obtained .« 


and often appears in association with 
malachite and quartz. It is found in 
NER adits Chile, the United States, western 

: 354 Europe, South Africa, and Australia. 









4.1-4.3 
| cubic system 


Samples of uncut (left) and 
polished (right) chalcopyrite. 






cinnabar is heated in a test tube, it gives off 
small droplets of mercury and is the 
primary and nearly the only mineral from 
which this element can be extracted. The 
streak is scarlet red. This mineral often 
appears near volcanic fumaroles. The main 
deposits are in Spain, Italy, the Czech 
Republic, Peru, and the United States. 


CINNABAR 


Cinnabar is a dark-red mineral, sometimes 
with dark shades, and has a luster that varies 
from dull to similar to that of a diamond. When 


2-2.5 
8-8.2 = 
hexagonal system - 








Mercury is obtained from cinnabar; it is used in the 
manufacture of various instruments such as this device for 
measuring blood pressure. 






calcareous rocks, generally associated with 


GALENA another mineral such as quartz or pyrite. The 
streak is lead gray. The principal deposits are 
Galena is lead gray, with an intense, often in eastern Europe, Australia, Chile, and the 
silvery metallic luster. It commonly occurs in United States. It is the main mineral of lead 
the form of perfect cubes and sometimes and can also contain silver. 


merely as crystals. It is found among 





2.5-2.75 , 


Lead is obtained from galena; it is 
74-76 widely used in industry and 
construction (pipes). 


cubic system 





tone. When it is heated in a test tube, it 
produces a yellowish vapor. The streak is 
gray or greenish gray. This mineral can 
occur in tabular prisms, in irregular clumps, 
or in sheets; it is the source of 
molybdenum. The main deposits are in 
Norway, Great Britain, equatorial Africa, and 
Australia. 


MOLYBDENITE 


A soft mineral with an oily feel, molybdenite 
forms gray, silvery, or leadlike scales. It has a 
blue tone, as opposed to graphite’s brown 


eye 


In the manufacture of stainless steel, 
the addition of a small amount of 
molybdenum (Mo) improves resilience 
and resistance to corrosion. 





polish of pyrite, the Incas made mirrors by joining 


‘ Taking advantage of the bright sparkle and brilliant 


plates of this mineral together. 





PYRITE 


Brassy yellow and with a variable luster, pyrite 
forms small crystals. The streak is blackish 
brown to greenish black, and it commonly 


ns 
| 6-6.5 
4.95-4.97 

cubic system 





ANTIMONITE 


Also known as stibnite, this soft mineral has a 
somewhat steely gray color; it forms clumps of 
elongated crystals with a metallic luster. The 








ANTIMONITE 
45-46 
‘rhombic system 


ARGENTITE 


This greenish-gray mineral is easily melted, is 
malleable, and has a metallic luster. The 
streak is dark gray. Argentite frequently 


Vass 

2-25 
7.3 
cubic system — 






CHALCOCITE 


This gray mineral is easy to melt and dissolves 
in nitric acid. It has a metallic luster, and its 
streak is gray. Chalcocite commonly occurs in 


CHALCOCITE 





al) 25-3 


— = 55-58 — 
rhombic system 
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forms fairly compact clumps. Pyrite is found 
almost all over the world and is one of the 
most abundant sulfides. It is used in 
producing sulfuric acid and iron sulfate and 
is also mined for the large amounts of sulfur 
it contains and the gold and copper 
associated with it. 


Specimens of pyrite are abundant and, thanks to 
their luster, relatively easy to find. 






streak is dull or steely gray. It is mainly found in 
low-temperature hydrothermal veins or replacement 
deposits and in hot spring deposits. Antimonite is 
the primary mineral from which antimony is 
derived. The most important deposits are in 
Germany, Italy, Romania, China, Algeria, Mexico, and 
Peru. 
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Antimony is combined with many 
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metals to increase their hardness and aa al 
resistance to friction. <i < 
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appears in association with galena and 
occurs in crystalline form or in fairly regular 
clumps. Its primary use is as a source of 
silver. The principal deposits are in Norway, 
the Czech Republic, Mexico, Peru, Chile, 
Australia, Canada, and the United States. 







A sample of argentite.. 





granular aggregates but also, in rare 
instances, forms crystals. It occurs in terrains 
where there are other minerals compounded 
with copper and can be found in many places 
throughout the world. 


Chalcocite is one of the most important minerals from 
which copper is obtained; it is also used in constructing 
the roofs of such buildings as palaces and churches. 
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OXIDES, HYDROXIDES, AND HALOID SALTS 








hydrogen are present. Haloid salts are soft minerals 
made up of a metal and a halogen (chlorine, sodium, 
etc.) and occur in crystal form. 


This group includes a large number of abundant 
minerals in which one of the main components is 
oxygen, an element that is widely present in the 








planet's crust. In hydroxides, one or more atoms of 


RUBY 


This aluminum mineral is a variant of 
corundum (crystallized aluminum oxide), but 


with small chromium impurities that give it its 


RUBY 


trigonal system 


SAPPHIRE 


This mineral is alSo a variant of corundum but 


with impurities that give it different colors. 
There are blue, purple, yellow, orange, and 





BIXBYITE 


This variety of bery!, also known as red beryl, 


iS a rare mineral. It occurs in the form of 
generally small crystals, often with 


BIXBYITE 


le) 7.5-8 
2.65-2.75 
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MAGNETITE 


A heavy mineral that forms clumps of large 
crystals, magnetite ‘ iron oxide. It 
has magnetic properties and when placed 


MAGNETITE 





characteristic red color. Sometimes rubies can 
be slightly brown, and in such cases the color 
is due to iron impurities. Rubies have a glassy 
Or diamond-like luster. They are precious 
stones commonly used in jewelry and are also 
produced synthetically for use in watches and 
machinery. 


The best ruby deposits are in Southeast Asia 
(Myanmar), but there are also some in East Africa 
and in small quantities in other locations 

(Brazil, Australia, etc.). 



















black sapphires. The crystals commonly 
have a clear portion and a colored one and 
are used for jewelry. The most important 
deposits are in Southeast Asia, as well in 

other places such as Brazil, Australia, and 
India. 






A specimen of 
uncut sapphire. 


imperfections and various inclusions. It is 
red, fairly dark or with shades of ruby, or 
purple. Bixbyite is distinguished from other 
beryls in that it appears in effusive 
volcanic rocks. It is used as a precious 
stone in jewelry and is found only in certain 
areas of the United States. 


A specimen of bixbyite. 


next to a compass, it causes the needle to 
swing widely. It has a metallic luster, and its 
streak is black. It occurs primarily in soils 
that contain volcanic rocks and is used as a 
mineral source of iron. The world’s main 
deposits are located in Sweden and Norway, 
but it is also found in Siberia, Brazil, Cuba, 
Australia, and Canada. 


Magnetite attracts iron 
objects. 










A mineral is considered flexible if it bends but does not 
resume its original shape afterward, elastic if it returns to 
its original shape after bending, and brittle if it breaks 


and powders easily. 





BAUXITE 


Bauxite is an aluminum hydroxide that forms 
earthy clumps with no particular shape; it is 
varying shades of reddish brown or yellowish 


BAUXITE 


LIMONITE 


This mineral is another aluminum oxide. It is 
yellowish, brown, or black and forms clumps 
with a dull luster. The streak is ochre. It is 






LIMONITE 





er 


HALITE 


This mineral is the crystallized form of 
common salt, in other words, sodium 
chloride. It is white, yellowish brown, or clear, 





FLUORITE 


This salt of fluoride and calcium is colorless 
or of any number of colors (blue, brown, 
yellow, reddish, etc.), but is most commonly 







GOL 
alae a 


a system 





amorphous mineral = 


brown, and the streak is reddish. Its main 
use Is in the ceramics industry, but it is also 
used in extracting aluminum and in the 
manufacture of alumina, which is used as 
an abrasive. The principal deposits are in 
France, Germany, Italy, the United States, 
and Venezuela. 
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Aluminum is obtained from bauxite; it is 
used in applications ranging from ceramics to 
making cans. 





found in varying quantities in flooded areas 
and swamps, where it forms claylike masses. 
Limonite is used as a mineral for extracting 
iron and for making pigments. The main 
deposits are in North America, but it is found 
throughout most of the world. 


Yellow pigments 
are produced 
from limonite. 





often with impurities, and it is easily 
identified by taste. If kept in a damp 
environment it eventually dissolves, and so it 
must be kept in a sealed, dry container. It is 
transparent and has a glassy luster; the 
Streak is the same color as the mineral. Its 
main use is aS a source Of common salt. 
Halite forms on coasts throughout the world 
through water evaporation but also makes 
up ancient locations in interior locations, 
such as the salt mines of various European 
countries. 





The immense Uyuni salt flat (Bolivia) after the water has 
evaporated during the hot season. 


light green. It has a glassy luster, and the 
streak is white. Fluorite is commonly found in 
association with many other minerals, such as 
galena, quartzite, and quartz. It is used in 
manufacturing glazes and glass, to produce 
hydrofluoric acid, and in various processes in 
the steel industry. It is also used in making 
decorative objects such as vases and 
figurines. The principal deposits are in western 
Europe and North America. 


One of the main uses of 
fluorite is in making enamels. 
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CARBONATES AND BORATES _ 
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Carbonates are a large group of minerals found in of building stones and as a source of calcium oxide. 
the earth’s crust and constitute an essential part of | Borates are a group of minerals that differ 
limestone rocks. They are relatively soft and play an _—s considerably from one another and contain boron in 
important role in construction, both as components — various proportions. 











M A L A CH ITE hydrochloric acid, and the streak is pale 
yellow. Malachite occurs in crystal form or in 
clumps of crystals. It is highly regarded as an 
This mineral is a distinctive, dark-green ornamental stone for making all kinds of 
copper carbonate with a glassy or diamond- objects from tables to small containers. The 


like luster. It dissolves when treated with main deposits are in Russia, but it is also 
abundant in Australia. 







Samples of raw (left) and polished 
(right) malachite. 






monoclinic system 












hydrochloric acid, it gives off bubbles. It has 
a glassy or earthy luster, and the streak is 
white or grayish. This mineral is commonly 
used in construction for making cements 
and lime and in agriculture to adjust the pH 
of soils. It is presents in limestone terrains 
throughout the world. 


CALCITE 


Calcite is white or colorless calcium 
carbonate, although it sometimes takes on 
different colorations, including dark ones, 
because of impurities. When treated with 


Peta 








The Mayas built huge temples out of 
blocks of calcite. The Fortune Teller's 
Pyramid in Uxmal, Mexico, is shown here. 
















hydrochloric acid, it reacts violently. It has a 


DOLOM ITE glassy luster, and the streak is white or any of 
the colors it exhibits outwardly. Dolomite is 
This magnesium and calcium carbonate is used as a building stone, in manufacturing 
found in the form of white, brown, grayish, magnesia (used in preparing refractory linings 
and even reddish crystals. When treated with for converters used in steelmaking) and as a 


source of magnesium. It is found in many 
parts of Europe, North America, Brazil, and 
South Africa. 





DOLOMITE 





35-4 
Magnesium is an important 


3 a nutritive element in plant 
metabolism. 








rhombic system 


transparent crystals, and the streak is 
white. It is used mainly in optics for making 
special filters, polarizing prisms, and so 
on. Iceland spar is also present in limestone 
terrains throughout the world. 


ICELAND SPAR 


Calcium carbonate, a special variety of 
calcite, is characterized by double refraction 
or birefringence. It is found in the form of 


Pee 










A piece of Iceland spar showing 
double refraction (or birefringence). 
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shape after being distorted; when a mineral doesn’t 


, A mineral is said to be elastic if it recovers its original 
recover its shape, it is said to be flexible. 





is white. It commonly is found in the form of 
crystals or compact clumps and often 
occurs mixed with other minerals. 
Rhodochrosite is a rare mineral that is of 
interest only to collectors. The best deposits 
are in Germany, Romania, Great Britain, and 
the United States. 


RHODOCHROSITE 


This carbonate of manganese is dark red or 
pink, although in some instances it may be 
yellowish. It has a glassy luster, and the streak 






By Se aa s : 


A sample of rhodochrosite. 











Cc ER U S T E colorless. It is found in the form of translucent, 
elongated crystals, often clustered together in 
groups. The main use of cerussite is in 
This carbonate of lead is generally white, producing lead. The primary deposits are in 


although it can also be bluish or grayish. It has Central Europe, Siberia, Namibia, Tunisia, 
a diamond-like luster, and the streak is Australia, and North America. 





SSS 






Lead, a mineral with many applications, is obtained 
from cerussite. The photograph shows pieces of gold 
being pickled in a container made of lead, a material 
that resists the action of sulfuric acid. 








and the streak is white. This mineral is used 
in producing boron, as a flux in welding, as 
an ingredient in the manufacture of glass, 
and as a Cleaning agent. The main deposits 
are in ancient saline lakes in North America, 
Turkey, Argentina, and Tibet. 


BORAX 


Borax is a borate, a mineral that contains 
boron and sodium. It occurs in greenish, pink, 
gray, or bluish clumps, it has a satiny luster, 


Borax is used in preparing melting pots for jewelry 
because it protects the walls and helps the metal 
flow much better when it is poured. 





in granular or crystalline form. Sinhalite is 
SINHALITE brittle, and once it is cut, it is used in making 
jewelry. It is a rare mineral that is found in 
This borate contains magnesium and gravelly areas of Sri Lanka and East Africa. 
aluminum. It is dark green or yellow, and has 
a glassy luster; the streak is yellow. It occurs 









Sinhalite is used in jewelry. In working it, jewelers 

use a ten-power magnifying glass composed of 
three special lenses to avoid the chromatic 
aberrations of sphericity. 
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SILICATES 


Silicates are compounds containing silicon in 
association with other elements; they make up a 
large part of the earth's crust. They include both 
precious stones and minerals used in industry and 


ZIRCON 


Zircon appears in the form of small crystals or 
prisms that are transparent or opaque and 


various shades of brown, green, red, or blue. It Australia. 


ey 
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tetragonal system — 


OLIVINE 


Also Known as chrysolite, this mineral is 
magnesium silicate and iron; it appears in 
the form of crystals or granular clumps that 





rhombic system 


VESUVIANITE 


This mineral is named for Vesuvius, the Italian 
volcano where it was first found. It is an oxide 
of several elements and is dirty yellow, 

other countries. 





JADE 


This mineral is a green, grayish, white, or 
bluish combination of aluminum silicate and 
sodium. It is commonly found in the form of 






fic sysiem 


has a diamond-like luster, and the streak is 
colorless. It is commonly found in association 
with granitic rocks and is used mainly in 
jewelry in making imitation diamonds. The 
principal deposits are in Southeast Asia and 


A sample of uncut (right) and cut and 





greenish, or bluish. It has a glassy or greasy 
luster and a white streak. It is a translucent, 
brittle mineral that is used solely in jewelry. 
Californite, a green variety, is often used as a 
jade substitute. Vesuvianite | is also found in 


uncut vesuvianite. 


have great economic importance. In addition to their 
great abundance, they are extremely varied, which 
sometimes makes it difficult to identify them. 
















polished (left) zircon. 





generally are green or yellowish green, 
although it can also be brown. Olivine has an 
oily luster, and the streak is colorless. It is 
used mainly in jewelry. There are deposits in 
many locations around the world including 
Norway, Australia, Brazil, and North America. 


A sample of olivine. 












A specimen of 






clumps and occasionally in crystallized 
form. Because it is durable it was used in 
prehistoric times for making axes and other 
tools. It has a greasy luster, and the streak 
is colorless. There are several different 
types of jade, which is used mainly in 
jewelry and as an ornamental stone for 
making many types of objects. The main 
deposits are in East Asia, Central America, 
and North America. 















Jade, which was used early on by primitive people 
for making tools and weapons, was Considered a 
precious substance par excellence by the Chinese. 









Conductivity is a mineral’s ability to conduct electric current. 


7) Thus there are minerals that act as conductors (e.g., copper) 





BIOTITE 


This complex silicate contains aluminum, 
potassium, magnesium, and iron. It occurs 
in clumps with scales that are easy to flake 


and minerals that act as insulators (€.g., mica). 


off. It is black, occasionally with greenish 
shades. The luster is pearly, and the streak 
is white. Biotite appears in most igneous 
rocks and is of interest only to collectors. 
There are deposits in granitic terrains 
throughout the world. 


CL 


Biotite encrusted in a 
block of granite. 






monoclinic system 





are also bluish, green, and pink varieties. It has 
a glassy luster, and the streak is colorless. 
Topaz is found in association with many other 
minerals in igneous rocks such as granite 
and appears in some localities as rounded, 
rolled pebbles in stream sand. There are 
deposits in Brazil, Australia, North America, 
Africa, and eastern Asia. 


TOPAZ 


This silicate of fluoride and aluminum, is 
found in the form of prismatic crystals that are 
usually orange or honey yellow, although there 












A sample of topaz encrusted in 
an igneous rock. 























typically found in sheets that can easily be 
peeled off with the finger. This mineral 
resists heat effectively, it has a pearly luster, 
and the streak is white. 

There are many types of mica, and it is 
used primarily in industrial applications. The 
main deposits are in Central Europe, 
Scandinavia, Australia, and India. 


MICA 


Mica is a complex silicate that contains 
aluminum, potassium, and fluoride. It is 
transparent and colorless or yellowish and is 


trey 


Mica is used mainly as an insulator in electrical 


Bs ~S appliances. 





only occasionally in crystallized form. It has a 
pearly luster, and the streak is white. It is used 
for many industrial purposes, and when it is 
ground up, it is used to make talcum powder. 
The best deposits are found in the Pyrenees in 
the south of France and in lesser quantities in 
Australia, South Africa, and Canada. 


TALC 


Talc is a gray magnesium silicate that is 
difficult to melt and does not dissolve in acid. 
lt commonly occurs in layered aggregates and 


Talcum powder is used to 
soothe the skin and 
eliminate irritation. 
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Feldspars are a group of silicates that are broadly 
distributed in nature and found in granitic rocks, 
among others. Arsenides are silicates that include 


It has a glassy or pearly luster, and the streak 
is white. Orthoclase abounds in acidic rocks 
such as gneisses and schists. It is used 
mainly in manufacturing porcelain and also in 
jewelry. It can be found all over the world. 


ORTHOCLASE 


This feldspar contains potassium and 
aluminum and occurs in clumps or in off- 
white crystals, sometimes with shades of pink. 





MOONSTONE 


This name is given to a special class of 
orthoclase that occurs in the form of colorless 
or yellowish clumps, sometimes with pink or 


MOONSTONE 


feldspar. It occurs as clumps that are 
generally orange, brown, reddish, and 
sometimes also greenish or bluish on account 
of impurities. It has a glassy4uster, and the 
streak is white. On exposure to x-rays it gives 
off a whitish glow. Sunstone is used in jewelry 
and is cut into cabochons. The main deposits 
are in Norway, Siberia, India, Madagascar, and 
North America. 


SUNSTONE 


Also called aventurine oligoclase, this 
mineral contains aluminum, calcium, and 
sodium and is a type of plagioclase 


SUNSTONE 


A specimen of sunstone. 


LABRADORITE 


Another type of plagioclase feldspar, 
labradorite contains sodium, aluminum, and 
calcium and it occurs in grainy clumps with 
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arsenic among their components; like chromates, 
another group of silicates having chromium as a 
component, they are less common than feldspars. 


bluish shades. When exposed to x-rays, this 
mineral, a type of adularia, has a silky 
whitish or purple luster; the streak is white. 
Moonstone is used in jewelry and is cut into 
cabochons. It often appears in gravel, and 
the main deposits are in India and Sri Lanka, 
which are the source of the most highly 
valued specimens. 














Two examples of 
moonstone or adularia. 
























large crystals. It is gray, with several 
shades, and in the light it produces 
different-colored reflections, mainly bluish 
and greenish. It is used mainly as a 
decorative stone in construction. It occurs 
in association with igneous rocks (gabbros 
and basalts) throughout the world, but the 
largest deposits are in Scandinavia, Italy, 
Greenland, and North America. 


A sample of labradorite. 





mineral (e.g., gold and silver) in a cold state and produce 


; Ductility is a quality that makes it possible to stretch a 
threads of it. 
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and a white streak. It appears mixed in with 
metamorphic rocks. Amazonite is used in 
jewelry and for small decorative objects. 
The main deposits are in India, where 
specimens are of high quality, and also in 
the Sahara, South Africa, and North America. 


AMAZONITE 


This feldspar contains potassium and 
aluminum. It is whitish or greenish and 
translucent or opaque; it has a glassy luster 


-AMAZONITE 












A sample of amazonite. 


PL A GI 0 CL ASE crystals and are white, brown, grayish, bluish, 
or reddish. They have a glassy or pearly luster, 
and the streak is colorless. Plagioclase appear 
This term refers to a series of feldspars that in association with most metamorphic and 
contain aluminum, sodium, and calcium; igneous rocks and are used in jewelry and in 
they are found in clumps of rhombic or tabular manufacturing porcelain. These minerals are 
broadly distributed and can be found all over 
the world. 








PLAGIOCLASE 


A specimen of plagioclase. 





or reddish and dissolves in nitric acid; when 
it melts it gives off a distinctive garlic 
smell. Nickeline has a metallic luster, and 
the streak is brownish black. It is used 
primarily as a mineral for obtaining nickel. 
The principal deposits are in Germany, 
Russia, and South Africa. 






NICKELINE 


This mineral is a silicate in the arsenide 
group; it occurs in the form of clumps and, 
rarely, in crystalline form. It is black, grayish, 












Many items are manufactured from nickel and 
cupronickel (an alloy of copper and nickel). 












reddish or pinkish with various shades. It has a 


CROCOITE glassy or diamond-like luster, and the streak is 
yellowish orange. Crocoite can be cut, and its 
This mineral is in the chromate group and only use is for collecting. The main deposits 


contains chromium and lead. It is found in are in the Urals, Romania, the Philippines, and 
clumps containing elongated crystals and is the United States. 
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A sample of crocoite. 
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Both beryls and tourmalines belong to the extensive —_ contain several elements. Wolframites are a group of 
group of silicates. The former are aluminum and — minerals that contain tungsten, which is also known 
beryl silicates that occur in many varieties and as wolfram, and they are important in industry. 
colors. Tourmalines are complex silicates that 











E M ER ALD impurities. It has a glassy luster. When 
observed under a special filter (Chelsea), it 
produces a reddish glow, which appears much 
One of the best-known varieties of beryl is more intense in synthetic stones and does not 
emerald. It occurs in the form of hexagonal appear at all in imitation ones. Emeralds have 
crystals that are green because of chromium been highly valued for jewelry since ancient 


times; the main deposits are in Colombia, 
which produces the best specimens. There are 
also emeralds in South Africa, Russia, and 
Australia. 











A specimen of an uncut 
emerald. 






and a glassy luster. When observed using a 
special filter (Chelsea), it has a bright, 
greenish luster. It is also highly valued for 
jewelry. The most significant deposits are in 
Brazil, but others are found in the Urals, 
Madagascar, Ireland, Argentina, and China. 


AQUAMARINE 


This variety of beryl is more or less pure blue 
with greenish hues. It occurs in the form of 
hexagonal crystals, generally large in size, 
which are characterized by double refraction 
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7.9 
2.69 


hexagonal system 


A specimen of uncut 
(right) and cut (left) 
aquamarine. 





generally large, hexagonal crystals that display 


HELIODOR double refraction and a glassy luster. Heliodor 
is used in jewelry. The most significant 
This golden-yellow or pale-yellow variety of deposits are in Brazil, where it is found along 
beryl has characteristics similar to those of with aquamarine, and in Madagascar, the 
aquamarine. It is found in the form of Urals, North America, Ireland, Argentina, and 
China. 
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Specimens of uncut (left) and 
2.68 cut (right) heliodor. 


hexagonal system 





streaks and a vitreous ore luster similar to 
diamonds. It is shaped like crystals, 
generally pyramidal in appearance, but 
sometimes octahedral in appearance. It can 
be found in both granular and solid form. 

It is often found in pegmatitic deposits, and 
is an important ore. 












SCHEELITE 


Scheelite is a wolframite that reminds us of 
the name of its discover, K. W. Scheele. 
It is yellowish-white in coloration, with white 


Satin 
45-5 
59-61 


tetragonal system 


Wolfram is added to some steels in order 
to provide them with greater strength. 
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MORGANITE 


This variety of beryl is pink or peach colored; 
when observed at certain angles, it displays 
bluish hues. It is found in the form of tabular 
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TOURMALINE 


This variety of beryl that occurs in the form of 
elongated prismatic crystals. It can be many 
different colors from black (the most common) 
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WOLFRAMITE 


This tungstate contains iron and manganese 
and occurs in the form of tabular or prismatic 
crystals. It is black or dark gray, it has a 
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WULFENITE 


This mineral contains molybdenum and lead. 
It is yellow, orange, or brown and has a 
resinous or diamond-like luster. The streak is 








Malleability is a characteristic that allows a mineral to be 
formed into sheets by beating, pressing, or rolling. Gold is 
the most malleable of all minerals. 









to pink, including brown, red, green, and 
purple. It has a glassy luster, and the streak is 
colorless. It is found in granitic rocks, 
gneisses, and schists and is used in jewelry. 
The main deposits are in Central Europe, the 
Urals, Greenland, Sri Lanka, South Africa, 
Brazil, and the United States. 









white. It generally occurs in the form of tabular 
or octahedral crystals that are semitransparent 


or translucent, but it also forms grainy or 
compact clumps. It is used as a source of 
molybdenum and commonly appears in 
association with lead minerals. The principal 
deposits are in the Balkans, eastern Europe, 
Morocco, Congo, North America, and Australia. 


Two examples of tourmaline. 


A sample of wulfenite. 





prisms and on exposure to x-rays reveals a 
bright-red luster. It is used in jewelry. The 
deposits in Brazil yield pure pink morganite. 
Other deposits are in Madagascar, central 
equatorial Africa, and California. 





A specimen of morganite. 









semimetallic luster, and the streak is black. 
It commonly occurs mixed with other 
minerals (such as copper) in granitic rocks. 
Wolframite is used mainly as a source of 
tungsten. It is widespread, and there are 
deposits throughout most of the world. 


A sample of wolframite. 
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GARNETS AND SOROSILICATES 


elements that give each of them its specific 
characteristics. These are hard minerals that are not 
affected by acids. Sorosilicates are another group of 
silicates that are of interest only to collectors. 


These minerals make up an abundant group of 
silicates whose crystals have a more-or-less 
rounded shape. They contain variable quantities of 
calcium, aluminum, iron, magnesium, and other 


GROSSULAR 


This variety of garnet contains aluminum and 
generally occurs in the form of trapezoidal or 
dodecahedral crystals that are transparent or 


SSG 
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Cubic system ‘a 


RHODOLITE 


This mineral is one of the most valuable red 
garnets. It contains aluminum and occurs in 
the form of transparent crystals that are 







RHODOLITE 





) 6.5-7.5 i 
3.74-3.94 
cubic system 


ANDRADITE 


This garnet contains several elements that 
produce numerous varieties: Demantoid (also 
known as Ural emerald) is green. Topazolite 


65 
3.06) Gee 
cubic system 


ALMANDINE 


This variety of red garnet occurs in the form 
of pure crystals that are brilliant and dark in 
color and contain aluminum. Sometimes they 
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nearly opaque and green, brown, red, 
yellowish, white, black, or pink. It has a glassy 
or resinous luster, and the streak is white. It is 
found in marbles and in various metamorphic 
rocks. Grossular is used in jewelry and as an 
ornamental stone for decorative objects. The 
main deposits are in Russia, Sri Lanka, Brazil, 
North America, and South Africa. 


A sample of grossular. 





is yellow, similar to topaz, and forms small, 
transparent crystals. Melanite is dark black. 
All the varieties of andradite are commonly 
crystalline and appear in association with 
other minerals. Many of them are used in 
jewelry. The main deposits are in Russia, Italy, 
Norway, Germany, Korea, and the United 
States. 


Most garnets are used in jewelry. The photograph 


shows a jeweler’s workbench. 
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generally red or pink but can also be pale 
purple. It has a glassy or diamond-like luster. 
It appears in plutonic rocks but can also be 
found in deposits produced by the erosion of 
these rocks. Rhodolite is used in jewelry, 
and this variety of garnet is less common 
than the others. The principal deposits are in 
Sri Lanka, central Africa, Brazil, and the 
United States. 


Two specimens of cut 
rhodolite. 














display purplish hues. They are resistant to 
acid, but they splinter easily. Almandine 
occurs in metamorphic rocks and is often 
found in sandy deposits. It is used in 
jewelry in cut form but also has industrial 
uses as an abrasive once it has been 
ground up. The principal deposits are in Sri 
Lanka, Central Europe, Scandinavia, India, 
Madagascar, Brazil, and Tanzania. 


A specimen of uncut 
almandine. 





be distinguished by sight alone), granular (made up of 


; A mineral can be compact (having components that can’t 
grains), or filamentous (in the form of fibers). 





distinctive, dark-red, pure crystals. It is 
slightly magnetic. It occurs mainly in 
eruptive rocks, conglomerates, and alluvial 
deposits and is used in jewelry. The best 
deposits are in Central Europe (the most 
highly valued ones are from Bohemia), Great 
Britain, Australia, South America, and South 
Africa. 













CARBUNCLE 


This term refers to a cabochon-cut red garnet 
that contains aluminum, tron, and sometimes 
chromium and occurs in the form of 


Carbuncle is a fire-red garnet 
containing aluminum and is used in 
jewelry. 












UV AROVITE translucent, or opaque and of an intense green 
color. It has a glassy or resinous luster, and the 
Streak is white. Uvarovite appears in 
This variety of garnet contains chromium and association with many types of rocks and is 


occurs in the form of trapezoidal or used in jewelry. The main deposits are in the 
dodecahedral crystals that are transparent, Urals, Scandinavia, Spain, Canada, and West 
Africa. 


We 


A specimen of uvarovite. 









fairly dark red, orange, pink, yellowish, or 
brown. Spessartine is found in granite and 
in metamorphic rocks that are rich in 
manganese. In jewelry only the larger 
crystals are used. The most important 
deposits are in Germany and Italy, as well 
as in Madagascar, Australia, North America, 
and Brazil. 


SPESSARTINE 


This variety of garnet contains manganese. It 
generally occurs in the form of small 
transparent or translucent crystals that are 


Sus 


A sample of spessartine. 


elongated prismatic crystals that are black 


ILVAITE or brown and has a semimetiallic luster. It 
dissolves in acids and melts when subjected to 
This sorosilicate is also known as yenite. It flame, forming a compact mass. It is found in 
contains calcium and iron, as well as areas of contact between igneous rocks and 
manganese oxide. It occurs in the form of calcareous rocks. llvaite is of interest only to 


mineral collectors. The main deposits are in 
Italy, the Balkans, and Greenland. 


aes 


3.8-4.1 : A specimen of ilvaite. 
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QUARTZ 


This name refers to a common group of silicates found 
in all types of terrain. They occur as crystals with evident 
symmetry that are many colors or colorless and totally 
transparent. Quartz crystals are components of many 


ROCK CRYSTAL 


This mineral is also called colorless quartz, 
and it is a transparent, crystalline variety. One 
of the characteristics that helps distinguish it 
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AMETHYST 


This vanety of quartz vanes in color between 
dark purple and light violet. It occurs in the 
form of crystals, which often are darker at the 


ih 
2.65 
trigonal system 


DARK QUARTZ 


This variety of quartz sometimes has 
titanium inclusions. Its color vanes from 
yellowish brown to black. It appears in the 
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trigonal system 


SMOKY QUARTZ 


This variety of quartz is also known as smoky 
topaz. It has the same characteristics and 
appearance as rock crystal and is 


Be i 


7 
2.65 
trigona’ system 





from common quartz is its birefringence. It 
has a glassy luster, and the streak is white. It 
is one of the most abundant minerals in the 
earth’s crust. Rock crystal occurs in the form 
of isolated crystals and as small crystals inside 
other minerals and rocks and is a component 
of sand. It is used in manufacturing glass and 
porcelain and in construction. 


Quartz is used for many purposes. It is important in the 
manufacture of glass objects, optical elements, 
transistors, watches, and even jewelry. 







form of hexagonal prisms and has a glassy 
luster and a white streak. It is used in jewelry, 
and the darkest stones are heat-treated to 
lighten their color. Dark quartz is found in 
many locations, mainly in the Alps, the Iberian 
Peninsula, Australia, and Japan. 


Asample of dark quartz. 





rocks, such as granites. One of the charactenstics of 
quartz is its ability to vibrate when subjected to an electric 
charge, and for this reason it is used in manufacturing 
watches. There are many vaneties of quartz. 





























ends; it has a glassy luster, and the streak 
is white. It varies in color depending on 

the angle of vision, changing from reddish 
purple to bluish purple. It is sensitive to heat 
and can acquire green, yellow, or Drown 
tones. Amethyst appears in igneous rocks 
and is used in jewelry and for decorative 
objects. The pnncipal deposits are in the 
Urals, Brazil, Australia, and Zambia. 


A sample of uncut amethyst. 
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distinguished from it only by its dark or 
smoky gray color; however, when it is 
heated above 572°F (300°C), it loses its 
color and turns yellow or white. Smoky 
quartz has a glassy luster, and the streak is 
white. It is of interest to collectors and is 
found throughout the world. 
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A sample of smoky quartz. 
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Quartz has the quality of being piezoelectric, and so it is 
used as a generator and a receiver of ultrasound, as well as 5 
in the manufacture of precision watches. 


= 





ROSE QUARTZ 


This variety of quartz contains titanium and 
magnesium impurities. It is a rare mineral 
that occurs is the form of pale or dark-pink 


ROSE QUARTZ 


CAT’S EYE QUARTZ 


This type of quartz is characterized by a 
fibrous structure of various aggregates that 
give it different colors. {t is semitransparent, 


| CAT’S EYE QUARTZ 
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CHALCEDONY 


This variety of quartz is formed by aggregates 
of fibrous microscopic crystals that can’t be 
seen with the naked eye. It commonly contains 







CHALCEDONY 
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ONYX AND SARDONYX 


These minerals are varieties of chalcedony 
with stripes of different colors. Onyx has 
Stripes that are white and black, and sardonyx 






Care 
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Australia. 
















and the different-colored fibers are arranged in 


parallel and are Clearly visible. When it is 
ground up, it produces a greenish dust. Cat’s 
eye quartz is used mainly for making 
decorative objects, and when worked into a 
ball shape, it takes on the appearance that 
gives it its common name. There are deposits 
in Germany, india, Sri Lanka, South Africa, and 


A specimen of cat’s eye quartz. 





has stripes that are white and reddish brown. 
Sometimes samples without stripes can be 
found, as in the case of black onyx, but they 
are rare. Onyx and sardonyx are used in 
cutting and polishing decorative objects, 
cameos, and so on. The main deposits are in 
South America. 


A sphere of polished onyx. 





crystals, but when subjected to radiation, it 
takes on a dark shade. The crystals are 
brittle and have a glassy luster; the streak is 
white. Rose quartz is used in jewelry and 
for making decorative objects. The most 
important deposits are in Madagascar, 
Brazil, and North America. 


A specimen of rose quartz. 
















chromium and occurs in fairly targe 
concretions or nodules that are white, 
bluish, or occasionally greenish. It is 
translucent, and the streak is white. 
Chalcedony is a mineral from which many 
others are derived, such as agates. Because 
of its hardness, it is used for cutting 
decorative objects. The principal deposits 
are in Brazil, India, and Madagascar. 


Necklace made with dyed chalcedony. 
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AGATES, SULFATES, AND HYDRATES ~ 
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Agates are a series of chalcedony varieties, which _ varieties of quartz. Sulfates are compounds of sulfur 
are distinguished mainly by the presence of and are widely distributed in nature, but practically 
alternating layers of chalcedony having different none are components of rocks. Finally, hydrates, are 
colors and porosities; therefore they are also asmall group of minerals with a hydrothermal origin. 









(orange, red, brown, blue-gray, gray) and form 


AGATE stripes of the same color but of different 
shades or mixed with white. It can be seen 
This archetypal mineral of the agate group only when the rock that contains it is cut open, 
forms tiny crystals that fill the cavities of rocks thereby exposing the stripes. Agates are found 
and geodes. The color can vary widely in granitic rocks and sedimentary rocks and 


are distributed throughout the world. 






Polished section of a specimen of agate. 
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They occur in the form of an amorphous 
mass that is colorless in its pure state, but 
they commonly contain various impurities 
that produce different colors. Opals are used 
in jewelry under various names: water opal 
when Colorless, and fire opal when yellow, 
orange, or red. White and black opals are 
considered precious stones. The principal 
deposits nowadays are located in Australia. 


OPAL 


Because they are silicon hydrates, opals are 
included within the agate group even though 
their chemical composition is slightly different. 
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Samples of raw (left) and 
polished (right) opal. 





used as an ornamental stone and also in 
CH RYSOPRASE jewelry. The oldest deposits were in Bohemia 
in Central Europe, but presently chrysoprase 
This apple-green variety of chalcedony is a comes mainly from Australia. 
translucent mineral that forms masses or 
aggregates of tiny crystals. It has been widely 
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Samples of raw (left) and polished (right) 
2.6 = chrysoprase. 
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CROCIDOLITE 


This mineral has a fibrous appearance similar 
to that of amianthus (asbestos) and is also 
Known as blue amianthus; it is included 
among the agates because of its similarity to 


CROCIDOLITE 


fibrous quartzes. It contains sodium, 
aluminum, iron, and other elements and 
occurs in the form of brilliant green or blue 
crystals that form fibrous sheets. Crocidolite 
has a silky luster, and the streak is blue. It is 
of interest only to collectors. The main 
deposits are in South Africa, the Alps, Great 
Britain, the United States, and Bolivia. 
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A specimen of crocidolite. 
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Gypsolite is a source of plaster for medical uses and in 
construction (panels, decorative elements, etc.); it is also 
used in ceramic materials, and in fertilizers. 
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Clay or soft sandstone); it is a calcium 
sulfate. It is immune to acids and when 
heated gives off water. It occurs in the form 
of flattened crystals superposed over one 
another in a distinctive structure. Gypsolite 
is white or gray, with pink or orange shades. 
lt has a pearly luster, and the streak is 
white. It is found in sedimentary rocks and 
limestone rocks throughout the world. 


GYPSOLITE 


This mineral is also known as crystallized 
gypsum or desert rose (when it appears as a 
radially symmetrical group of crystals in sand, 





It is Common to immobilize a fractured limb by using 
gauze and plaster dissolved in water; when the 
plaster dries it hardens. 





monoclinic system 


a glassy luster; the streak is white. It is found 
in different types of rocks (sedimentary, 
igneous, and others). When it is pulverized 
and burned, it produces an intense red color. 
Celestite is one of the main minerals from 
which strontium is derived, and it is also used 
in the manufacture of signal flares and in 
fireworks. The principal deposits are in Great 
Britain, Sicily, North Africa, Madagascar, and 
North America. 









CELESTITE 


This sulfate of strontium occurs in the form 
of prisms, tabular crystals, or crystalline 
clumps. It is white, greenish, or bluish and has 










Fireworks are made with celestite. 






else as granular clumps. It is brown, yellow, 
green, blue, or red and sometimes is 
colorless. It has a glassy or resinous luster, 
and the streak is white. Barite is a common 
mineral that is found with many others and 
is used mainly in making white paints, 
producing barium, and glazing different 
types of paper. There are deposits practically 
all over the world. 


BARITE 


Also known as heavy spar, this sulfate of 
barium occurs in the form of tabular crystals 
that are more or less prismatic or flattened, or 






BARITE 


4.4-4.6 
rhombic system 






The paper used in the pages of this book contains 
barite, among other substances. 
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varieties. It dissolves in hydrochloric acid, 
producing bubbles. It is green, bluish, white, 
pink, or colorless and commonly occurs in 
association with asbestos. It has a vitreous or 
pearly luster, and the streak is white. Brucite is 
used in obtaining magnesium and its salts 
and in manufacturing refractory materials. 
The best deposits are in the United States. 


BRUCITE 


This mineral contains magnesium and is part 
of the hydroxide group. It is found in clumps, 
as fairly wide tabular crystals, or in fibrous 
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A specimen of brucite. 
hexagonal system — 
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PHOSPHATES AND SIMILAR GROUPS 
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Phosphates are a group of minerals that contain give rise to secondary minerals. In general, 
phosphorus, an element that does not occur inafree phosphates are complex compounds that contain 
State in nature. Many phosphates undergo great many other elements, and so there are numerous 
changes when in contact with the atmosphere and _ types of this mineral. 











TURQUOISE greenish shades and looks like wax. It has a 
cerulean luster, and the streak is white or 
green. Excessive exposure to light may cause 
This phosphate of calcium and aluminum a loss of color. Turquoise appears in rocks in 
generally forms small masses and veins and arid regions and is used as an ornamental 
sometimes crystals. It is pale blue with Stone and in jewelry. The principal deposits 


are on the Sinai peninsula and in Iran, Mexico, 
and the United States. 







‘Hardness (Motis’ scale) 5-6 


2.6-2.8 Samples of turquoise in the rough. 






triclinic system 


and, rarely, in the form of small crystals. It is 
yellowish green or bluish green and 
dissolves in heated acid. It has a vitreous or 
Cerulean luster, and the streak is white. It 
appears in rocks that contain aluminum. 
Variscite is used as an ornamental stone. 
The main deposits are in Great Britain, 
Central Europe, Bolivia, and the United 
States. 


VARISCITE 


This phosphate of aluminum is also Known 
as utahlite. It commonly occurs in the form of 
compact clumps with an earthy appearance 


a 






645 
2.4-2.6 


rhombic system 


A sample of variscite. 




















green or green. It has a glassy luster, and the 
BRAZI LIANITE streak is white. Brazilianite is used in jewelry 


and is a rare mineral that collectors value 


This phosphate of sodium and aluminum is highly. The principal deposits are in Brazil, but 
also known as Brazil topaz. It occurs in the there are also a few in the United States. 


form of attractive crystals that are yellowish 


Cie ) 
[Hardness Mons’ scale) 5.5 


298-299 


monoclinic system 











A sample of brazilianite. 





a bipyramid, covering cavities in rocks, and, 
rarely, in isolation. It is green or yellowish, 
sometimes with brown shades. It has a 
resinous luster, and the streak is white or 
yellowish. Pyromorphite is commonly found 
in galena mines and is used as a mineral 
source of lead. The most important deposits 
are in Germany, Spain, France, Great Britain, 
the Czech Republic, Australia, and North 
America. 


PYROMORPHITE 


This lead chlorophosphate appears in the 
form of small prismatic crystals, which may be 
accompanied by other crystals in the shape of 


PYROMORPHITE 
3.5-4 


7.04 


‘hexagonal system 





Lead is derived from pyromorphite; it is used to 
manufacture car batteries, among many other 
products. 
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APATITE 


This phosphate of calcium also contains 
fluoride and chlorine. It is generally found in 
the form of crystals of widely varying 


Al Vl 3 


hexagonal system 





LAPIS LAZULI 


This silicate of sodium and calcium is also 
known as lazurite or bluestone. It commonly 
occurs in compact granular clumps and less 


LAPIS LAZULI 


cubic system 





VANADINITE 


This mineral is a vanadate of lead that 
contains chlorine. It occurs in the form of 
hexagonal crystals that may be prismatic or 


POE 


MIMETITE 


This chloroarseniate of lead is also Known as 


mimetesite. It is found in the form of small 


hexagonal crystals that are prismatic or curved 


MIMETITE 





3.9 ——- 
: Ve es 
hexagonal system 





hexagonal system _ 


Mineralurgy is the series of procedures used in treating 
minerals to turn them into usable products. 


dimensions and in the form of granular 
clumps. It dissolves in hydrochloric acid and 
if heated may lose its color, which is green, 
purple, yellowish, or blue. There are also 
colorless crystals. Apatite has a glassy 
luster, and the streak is white. It is 
commonly found in metamorphic rocks 
and igneous rocks. It is used in jewelry 
and in making fertilizers and is found 
throughout the world in different varieties. 


Apatite is used in making fertilizers for agriculture 
and gardening. 


frequently as crystals. It is blue, with 
different shades of purple-blue or 
greenish blue. It dissolves in 
hydrochloric acid and gives off sulfur 
trioxide. It commonly has dark 
mottling because of the presence of 
pyrite. Lapis lazuli is a porous mineral 
that is used as an ornamental stone 
in making decorative objects. The 
most important deposits are in 
Afghanistan, Russia, Chile, Angola, and 
North America. 


4 SR SRE AES TER SS i SPEER =e | 
PTS ea TES TEE er! 


Eee . Bs. 1 














with many intermediate shades. It has a 
resinous or diamond-like luster, and the 
Streak is white or yellowish. It is a rare 


is used as a Source of vanadium and lead. 

The principal deposits are in Russia, Austria, 
Great Britain, Zaire, North Africa, Argentina, 

and North America. 


A sample of vanadinite. 













and is brown, yellowish, orange, or white. It 
has a resinous luster, and the streak is white. 
Mimetite occurs as a secondary mineral in 
lead deposits and is used as a source of this 
element. The main deposits are in Siberia, 
Central Europe, Great Britain, France, Africa, 
and North America. 


A sample of mimetite. 





The Standard of Uris a Sumerian panel in the form of a 
mosaic dating from the third century Bc; it contains 
beautiful inlays of lapis lazuli. 


curved. Vanadinite is yellowish brown to red, 


mineral that is found with lead minerals and 
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Igneous or magmatic rocks come from large masses 
of magma that have been solidified by cooling. They 
all are made up of different silicates occurring in 
variable proportions. They are hard rocks that create 


distinctive landscapes. Among the most widely 
known are granites, which are frequently used in 
construction. 


THE MAKEUP OF IGNEOUS ROCKS 


Igneous rocks are made up of a great variety 
of minerals that are formed when magma 
solidifies as it cools. Magma is in a semiliquid 
state at temperatures between 1,300°F 
(700°C) and several thousand degrees. It 
makes up the earth's mantle and consists 
solely of minerals in the silicate group. As a 
result, igneous rocks contain silicates of 
vanous types, and in some cases they have 
been transformed by the time they reach the 
surface. 











MT 


Some of the principal minerals in igneous 
strata rocks are quartz, feldspar, mica, and 
a olivine. 


magma that doesn't 
reach the crust 


FORMATION 


Magma inside the earth’s mantle is at 
temperatures above 1,300°F (700°C). When, 
because of the internal currents produced in 
the mantle, some of this magma reaches the 
upper areas near the crust, it cools and 
solidifies. Sometimes magma exits directly to 
the exterior through the mouth of a volcano, 
slips through the surface of the crust, and 
cools and hardens. These are the two main 
ways in which all the igneous rocks that 
make up the earth's crust were formed. 


Rustration A shows how magma attempts to reach the 
Surface. In illustration B, the magma has broken through 
the crust and reached the exterior in the form of a 
volcano. giving rise to extrusive or volcanic rocks; at the 
eft is an ancient volcano covered by sediment, which 
gives rise to intrusive rocks. 
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Volcanic breccia on the 


southern coast of the Iberian C LASS h F | CAT! 0 N 













peninsula. The Earth 
Igneous rocks are classified according to various criteria. One is the way 
they were formed (as we have just seen), and a distinction is made 
between intrusive rocks and extrusive rocks. Another commonly used Collect 
Criterion involves classifying rocks as acidic or basic, depending on the i 
quantity of silicon they contain. 
CLASSIFICATION OF IGNEOUS ROCKS 
‘ --- Crystalline 
Type Definition Systems 
acidic contains more than 66% silicon 
intermediate contains from 52% to 66% silicon Gime 
basic contains from 45% to 52% silicon 
ultrabasic contains less than 45% silicon 
Crystals and 
Minerals 





Life on 
Earth 


The Formation 





In general terms we can say that acidic intrusive rocks have large of Fossils 
crystals and that acidic rocks in general don’t have much color because 
they contain quartz crystals. On the other hand, basic and ultrabasic 
rocks tend to be dark or black in color. intone 
= - Types of 
=e Fossils 
; 
/ - Dinosaurs 
wl 
Mammal 
Water has filled the crater of the Askia volcano in Iceland, which currently is inactive. a 
THE TEXTURE OF IGNEOUS ROCKS 
Type Definition Collecting 
aphrolithic composed of tiny crystals visible only under a sali 
microscope 
granular composed of crystals from 0.4 to 5mm visible to the 
naked eye Fossil 
laminar composed of minerals arranged in parallel stripes Deposits 
! pyroclastic made up of small splinters of volcanic glass or 
: = mineral fragments Alphabetical 

Extrusive igneous rocks can ; |_Extrusive igneous rocks Sees Subject Index 
have a different composition vitreous made up of glass of volcanic ongin arranged in a 
from the magma from which | Magma uniform pattern or forming stripes 


they originate. fi a ag meee eee agen ae 
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IGNEOUS ROCKS II 


We have already seen how igneous rocks are formed 
and what they are like. In this section we take a look 
at some of the main rocks of this type that make up 
the earth's crust. They become part of the landscape 


GRANITE 


This rock has a granular texture with 
generally thick grains that are clearly 
distinguishable to the naked eye. The primary 
mineral components are quartz (gray) and 
feldspars (pink, brown, etc.), plus other 
distinctive varieties such as biotite (black) and 
muscovite (white). The color is determined by 
the mixture and the proportions of the 


GABBRO 


This coarse-grained rock is made up of 
pyroxenes and olivine. Its color varies 
between greenish gray and blackish gray. 
There are many varieties, some of which are 
light in color, and it occurs in clumps that 
generally are smaller than those formed by 
granites. It is found mainly in North America 
and northern Europe. 


A sample of gabbro. 


Dolerite is used in construction, 
mainly as pavement. 


yo 


RHYOLITE 


This fine-grained aphrolithic rock is generally 
light in weight and color, varying between 
ochre and grayish. It is made up of quartz and 
feldspars, plus a few other minerals, such as 
biotite and muscovite. Rhyolite occurs in the 
form of thick rivers of lava and is a common 
rock found all over the world. 








Rhyolite is crushed and used as gravel. 


when they emerge at the surface because erosion 
has removed the layers of sediments or other soft 
rocks that have formed on top of them. These rocks 
create wild, rugged landscapes. 


components. Granite appears in mountains 
and folds throughout the world, and there are 
numerous varieties. A 


Granite is used mainly in the construction of walls and 
in paving stones. 


Gabbros are used in 
construction and in producing 
nickel, iron, and copper. 





DOLERITE 


Dolerite is a rock with generally fine grains; it 
is made up of pyroxene and plagioclase and 
often also of olivine and biotite. It is grayish 
brown or blackish gray, and the mineral 
inclusions can be seen with the aid of a 
magnifying glass. Dolerite erodes easily, and 
the surfaces exposed to the atmosphere 
change and take on a different color. It is 
especially abundant in North America. 




































OBSIDIAN 


Obsidian has a vitreous texture; it is dark- 
colored or black and has an intense glassy 
luster. It is a glass of extrusive origin that has 
the same chemical composition as granite. 
Obsidian appears as part of rivers of solidified 
lava that has cooled rapidly and is found 
throughout the world, especially in volcanic 
regions. 


In the Galapagos Islands, which are volcanic in origin, 
there are significant lava fields, such as this one on 
Santiago Island. 


APLITA 


Aplite is a fine-grained, light-colored granite 
that is found in veins that are a few 
centimeters to a few meters in width. 

Its essential mineralogical components are 
quartz, plagioclase, and feldspar. When it 
appears as thick granules, it is called 
pegmatite. It is found around the world in 
areas abundant in granite, and is an important 
material in the construction industry. 


Pictured is a typical aplite vein. 


Basalt is used as a mineral 
> source of iron and copper and 


in producing gravel. 





BASALT 


Basalt has an aphrolithic, fluid texture. It is 
black or dark greenish gray. Its main 
components are pyroxenes and plagioclases, 
as well as olivine, biotite, and iron. It forms 
fairly extensive masses and lava rivers. This 
rock is the most widely distributed volcanic 
rock in all of nature; it occurs in numerous 
varieties distinguished from one another 
mainly by chemical composition. They are 
found in volcanic regions throughout the 
world. 


The giant statues (or moa/) of Easter Island (Chile) are 
cut from basalt from Rano Paraku. The meaning of 
these figures is not known. 














Obsidian is used as an ornamental 
stone and in making small decorative 
objects. 


PUMICE STONE 


Also known as pumicite, this rock is light 
and porous. It is white, light gray, or cream- 
colored, and when exposed to the weather 
darkens and turns ochre. Pumice stone is 
made up mainly of glass foam produced in 
the formation of extrusive rocks. It is found 
in volcanic regions throughout the world. 





Pumice stone is used in skin care and as an 
industrial abrasive. 
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SEDIMENTARY ROCKS | 


In contrast to other types of rocks, sedimentary 
rocks are the product of materials deposited on 
the surface of the earth’s crust that later were 
compressed and have been subjected to various 


FORMATION 


There are four basic stages in the formation of sedimentary rocks. The 
first is weathering (through wind, water, ice, etc.), which crumbles the 
surface of the crust and reduces rocks to tiny particles. Then these 
matenals are eroded (by water, wind, etc.) until the eroding force 
becomes exhausted. Next deposition occurs: in other words, the 
materials are deposited onto the surface in increasingly thick layers. 
Finally, these sediments are buried after being subjected to forces of 
compression caused by their own weight and other factors (e.g.. 
chemical and thermal) that produce rock. 


processes that have altered their physical and 
chemical structures. Sedimentary rocks are wide- 
Spread in both mountainous and flat terrain. 





The process of 
transforming 
sediments into 
rock is called 
lithification. 


READING ROCKS 


When erosion or a fault uncovers an area of sedimentary rocks, we can 
often infer from the shape and manner in which the strata that produced 
the rock are arranged the conditions that prevailed at the time and the 
way in which the sediments were produced. The current of water leaves 
lines of the materials it has swept along, and the wind does the same. 
The color indicates the composition of the matenals (e.g., vegetation) 
present in the sedimentation. 


THE TEXTURE OF SEDIMENTARY ROCKS 


‘Type Definition 
Clastic made up of diverse broken fragments (rocks, minerals, 
etc.) that have clumped together 


Crystalline made up of crystals that fit together perfectly with no 
cementing material after precipitating 


organic made up of remains of organic ongin that have become 
mineralized and preserved 


Current sediments don’t turn 
cao into rock even though they are 

compacted, because they have 
not undergone lithification. 


Quarries also make it 
possible to study the 
geological past of an 
area. 
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DETRITAL ROCKS THE ORIGIN OF SEDIMENTARY ROCKS 




















The Earth 
Also known as clastic rocks, these rocks are 
made up of materials transported in solid 
or granular form to a place of definitive | 
sedimentation where they undergo a final ee 
transformation. They result from the 
disappearance of a preexisting rock such as 
a sandstone. 
Crystalline 
Systems 
CHEMICAL ROCKS ene 
‘ Mostly gravel orgies 
Rese ae ace Ua GiadissoWved is deposited in Very small matter is ate deposited Gems 
materials that are transported to an area riverbeds. deposited in deltas and at the bottom 
of definitive sedimentation where they near the ocean. of the ocean. 
precipitate out and undergo a final 
transformation. They make up a solid mass Crystals and 
and appear at the bottom of oceans or lakes. Minerals 


An example is calcite limestone. 





Life on | 
Earth 


The Formation 





of Fossils 
Extinctions 
Water Carves deep trenches in the softest rocks and With time and the weight of the With time and the weight of the With time and the weight of the 
carries them to the sea where they are deposited; with different layers, conglomerates successive layers, sandstones are various layers, limestones are 
time they are transformed into chemical rocks. The are formed. formed. formed. 
photograph shows the Canyonlands in Utah. 
Types of 
Fossils 


TYPES OF CLASTIC ROCKS 
BIOCHEMICAL ROCKS ACCORDING TO THE SIZE OF THE PARTICLES 


Also known as biogenic rocks, these rocks are made up of materials of 
biological origin that are carried to a location of definitive sedimentation 





where they undergo a final transformation. They make up a solid mass greater than 0.5 pebbles, scattered stones, etc. conglomerates, 
and appear at the bottom of seas or lakes. One example is carbon. breccia r | 
ammal 
between 0.004 and 0.5 sand sandstone and Hominid 
Fossils 


less than 0.004 muds, clays schistous clay 


THE LAW OF SUPERPOSITION Collecting 


Fossils 


According to this law, in a series of rocks that have not undergone 

displacement or inversion, the lower strata are the oldest. The sequence 

consists of the various layers of sediments that have formed throughout Fossil 
geological history. Deposits 


Many sedimentary rocks are porous and 
capable of retaining water, which 
encourages the growth of vegetation. 





Alphabetical 
Subject Index 





Wind also wears away rocks, especially sandstones. The photograph shows the Turret 
Arch in Arches National Park in Utah. 





SEDIMENTARY ROCKS 


On 
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EEN eee 


A great variety of sedimentary rocks are distributed soils form on these rocks more easily than on 
throughout the world, and many of them have bright igneous rocks, they are important for vegetation, and 
colors that make landscapes attractive. Because asaresult, also for all terrestrial ecosystems. 





S AN D ST 0 N F different shades resulting from impurities may 

be seen. It is abundant throughout the world 
and is used mainly in construction. 

This rock is made up of grains of sand that 

may or may not be cemented together by 

silica, and therefore either hard or soft. 

Sandstone has a sandy texture and is brown, Sandstone 

ochre, or reddish, although sometimes 


ARKOSE 


This type of quartz sandstone contains many 
feldspars and sometimes a bit of mica. Its 
texture may be fine-grained or, more 
commonly, medium-grained, and it is ochre, 
pink, or brownish gray. Arkose is used for 
millstones and in construction. It is found 
throughout the world. 





Two old millstones once 
used for grinding flour 


SCHISTOUS CLAY it mountain chains throughout the 


schistous clay is a fine-grained, dark-gray, 

greenish-gray, or dark-brown variety of 

sandstone. It contains quartz and encrusted 

fragments of small rocks and forms in ocean 

trenches. It occurs mainly on the edges of Schistous clay 








a LIMESTONE 


This compact rock made up mainly of calcium 
carbonate; when subjected to hydrochloric 
acid, it produces bubbles. It is white, yellowish, 
Or gray, and there are also black varieties. 
Limestone is found all over the world in areas 
formerly occupied by ancient seas and often 
contains fossils. 















The famous Sphinx at Giza, near Cairo, Egypt, was 
sculpted from limestone more than 4,500 years 
ago. 
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Gypsum is one of the materials most 
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The carina 
This fine-grained rock composed of many This fine-grained, soft, porous calcium 
claylike minerals is easily broken along planes carbonate rock has an earthy texture. It is : 
parallel to the original stratification of the easily broken up into irregular pieces that frm ae 
deposits that formed the rock. It is usually gray follow no particular plane, and it reacts with | - onl 
or ochre, in varying shades. It is found all over hydrochloric acid by forming bubbles. It is i 
the world and is rich in fossils. gray or yellowish white and was formed = 
from sediments of mollusks in ancient = 
seas. Gypsum is used in making cement Crystalline 
and occurs throughout the world but mainly Systems 
in western Europe. 
Gems 
COAL 
Coal is a brittle rock that forms black, compact masses and has a Wee and 


metallic or matte luster. It is easily crushed, and when it burns it 
produces a yellow flame. Coal is made up of the mineralized remains of 
trees and other plants deposited in swampy terrain mainly during the 
Carboniferous Age. Prominent among its varieties is anthracite 
(brilliant and dark black), which is used as a fuel. 





Life on 
Earth 


re ee = 


Coal was formed by the successive accumulation of materials such as 
plant and animal remains and the mineralization process; coal was an 









important fuel in the nineteenth century and part of the twentieth. ae eo 
The Formation 
of Fossils 
DOLOMITE BRECCIA -_ | 
Extinctions 
i 
This compact limestone has a fine to coarse This coarse-grained clastic rock is made up of Lf 
grain. It is cream-colored to light brown, often small, angular fragments of rock enclosed 
occurs mixed with other limestones, and inside a fine-grained matrix, which is Types of 
frequently contains small cavities. Dolomite is commonly mud or sand. Its color depends on Fossils 
widely distributed throughout the world and is the type of rock or mineral that makes up the 
used as gravel in construction. fragments. It is found all over the world and 
is used mainly as gravel, although compact 
clumps are also used as an ornamental stone.  _ Dinosaurs 
In pulverized form, dolomite is used as a 
ceramic material. 
Mammal 
and Hominid 
Fossils 
CONGLOMERATE 
Collecting 
This rock has a variable texture formed by boulders, pebbles, and other Fossils 
materials rounded by erosion and encased in a fine-grained matrix. It is 
commonly found in riverbeds and on beaches and is used to make 
gravel and as an ornamental stone. Conglomerate is found all over the 
world. Fossil 
Deposits 
Alphabetical 


Blocks of conglomerate are commonly round because of continual 
abrasion caused by other rocks and the action of river water. 


Subject Index 
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METAMORPHIC ROCKS 


We have already seen two important types of rocks. 
The third, metamorphic, includes all rocks produced 
by the transformation of either of the two previous 
types. During this transformation the physical and 
chemical properties of a rock are completely 


changed as compared to the original, but without 
melting, because then it would be an igneous rock. 
This group includes rocks aS common as gneisses 
and slates. 


FORMATION 


Areas of igneous rocks, formed from melted magma that has cooled, 
and areas of sedimentary rocks, produced by the transformation of 
residues from erosion, alternate in the earth’s crust. When any rock of 
this type is buried beneath a great mass of its own material (through 
accumulation due to folds, cave-ins, etc.), it is subjected to tremendous 
pressure that causes the original chemical elements to combine in a 
different way, and if there are crystals, their structure changes. The result 
is arock with the same chemical elements as the original one but with 
different physical and chemical properties. This type of rock is called 
metamorphic. 


THE TRANSFORMATION OF ROCKS 


granite 


temperature 


pressure 





TYPES OF METAMORPHISM 


The factors that cause the transformation of rocks are pressure and 
temperature. Depending on how these factors are applied, there are 
three types of metamorphism: 


1. Local metamorphism: when the temperature and pressure increase 
at the same time, as commonly occurs in geological folding. 


2. Load metamorphism: when the tremendous pressure of the 
accumulated sediments transforms sedimentary rocks. 


3. Thermal or contact metamorphism: when the temperature 
increases in areas of the crust near the mantle. 


THE CYCLE OF ROCKS 







sedimentary 


igneous 


metamorphic 


processes of 
erosion and 


sedimentation 


processes of changes 
fusion and new through 
formation heat and 


pressure 


THE TEXTURE OF METAMORPHIC ROCKS 


schistous 
corneous feldspar 
granoblastic 
slatelike 


striped 


gneisslike 





Rocks of different mineralogical compositions c 
yield the same type of metamorphic rol if 
: subjected to the same temperature and pressure. 








During the transformations that metamorphic 
rocks undergo, they never melt. 
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SLATE 




















The Earth 
This fine-grained rock forms sheets in which 
it exfoliates. In general it is dark gray but may 
have impurities and take on brown, greenish, Crystalline schist is of interest only to ae 
or bluish shades. It has a distinctive smooth mineral collectors. meee 


texture. Slate is made up of quartz, mica, 
and other minerals and comes from schists 
and calcareous tofa. It is found all over the 


world. Crystalline 


CRYSTALLINE SCHIST Systems 


This rock has a schistous texture and is of 
various colors with veins; it ranges from 


Slate is used mainly in construction, especially 
for roof shingles. 






brown to silvery, black, white, and green Gems 
in color. Its main components are biotite, 
GNEISS quartz, and muscovite, and it comes from 
schists and calcareous tufas. Crystalline Crystals and 
This coarse-grained rock has a gneisslike a Fountual tHe edges ol masses cl Minerals 


texture. The color varies between whitish and igneous rocks throughout the world. 


dark gray. The main components are 
feldspars, mica, quartz, and hornblende, 
and it comes from granites and sedimentary 
rocks. Gneiss commonly appears at the foot of 
mountains formed from geological folds and is 
found throughout the world. 


Crystalline schist. 





Life on 
Earth 


Gneiss is used as a Construction material and an 
ornamental stone. The photograph shows a block of 
gneiss. 





The Formation 


























of Fossils 
Marble is a hard, compact rock with a fine Extinctions 
grain and a granoblastic texture. It gives off 
bubbles when in contact with hydrochloric 
acid. It comes in various colors, from white to 
green, including cream-colored, red, and gray, Types of 
often with veins and bands. The main Fossils 
ingredient is calcium carbonate. This mineral 
comes from limestones and dolomites and is 
found throughout the world. Quartzite baboon: an iveecure 
Egyptian sculpture 
from about 1400 ec 
now displayed at the 
British Museum in 
Marble is used in construction, as an ornamental stone, fea cicn, 7 : 
and in sculpture. The photograph shows the Taj Mahal Mammal 
in Agra, India, a tomb of white marble with inlaid and Hominid 
precious and semiprecious stones. This building was Fossils 
completed about 1650. 
Collecting 
QUARTZITE Fossils 
A fine-grained, hard, compact rock with a 
granoblastic texture, quartzite always Fossil 
appears in association with other metamorphic Deposits 
rocks. It is pure white or cream-colored. Its 
main component is quartz, and it comes 
from sandstone. It is found in sedimentary 
Quartzite is used in construction and as an terrains. Alphabetical 
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THE HISTORY OF THE EARTH 


Our planet, like all the others in the universe, has not that condensed and cooled. When life appeared on 
always existed. Along with the sun and the restofthe — Earth a little more than 3 billion years ago, a long 
planets in the solar system, it was formed about process began that has been documented in the 
9 billion years ago from a huge cloud of gas and dust _ fossil record. 


THE EARTH: EXCEPTIONAL CONDITIONS 


Each planet in the solar system was formed because it determined the great variation in distance for creation of the exceptional 
at a specific distance from the sun. This the prevailing temperatures on each one. The conditions required for the development 
distance was crucially important in earth is located about 93 million miles (150 of life. 


establishing the great differences among them million km) from the sun, precisely the right 
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On Mercury and Venus the temperature is so high that it’s practically The earth is one of the smallest planets 
impossible for life to develop, and on Mars and the rest of the planets in the solar system. The oceans take 
in the solar system the opposite is true. up 71 percent of its surface. 
220 MILLION YEARS AGO 
— | MOVEMENT OF THE 
hye ) SURFACE OF OUR PLANET 


Different layers of materials can be distinguished 
between the surface and the center of the earth. 
The upper layer, the crust, consisting of solid 
segments floating on top of a somewhat fluid layer 
in the mantle just beneath it, generates forces that 
reposition the various segments. Thus, in the history 
of the earth, the location of the continents and 

the oceans has not always been the same. The 
continents have been in motion for millions of years, 
and they are still moving today, although at such a 
slow speed that we can’t detect the motion with our 
senses. 


The continents of our planet were nearly all joined together 
220 million years ago. Today (below) the continents (except for 
Europe and Asia) are separated. The white fines indicate the 
edges of the continenta! plates, and the red lines, the areas 
subject to the greatest seismic activity. 


The earth’s original atmosphere had 
wm no oxygen. Later it was replaced by 


the atmosphere we have today. 








GEOLOGICAL TIME PERIODS 


During the history of the earth there have been 
several extraordinary periods that exhibited 
particular characteristics. The first forms of life 
(which were unicellular) appeared more than 
2 billion years ago during the Proterozoic 
Period, but there are hardly any fossil remains 
from that time because the organic structures 
decomposed quickly. The earliest fossils are 
from the Phanerozoic Period, which groups 
together the remaining geological periods up 
to the present. Throughout the entire time 
there has been a succession of different plant 


Cretaceous (60) 


Paleogenic (130) 


Cambrian (1,960) 





and animal groups, which we know today in 
the form of fossils, that were the predecessors 
of present-day species. We are currently in the 
Cenozoic Period, in which hominids first 
appeared; they were antecedents of the 
human species to which we belong. 


Re-creation of a scene from the Jurassic Period, about 
210 million years ago. This was the age of the great 
reptiles (some of which were beginning to fly) and the 
dinosaurs, such as Diplodocus, Stegosaurus, 
Ceratosaurus, and Aptosaurus. 
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y_____ Miassic (86) 


Permian (35) 


The earth’s time 
Spiral shows the 
great eras and 
periods and, 
parenthetically, about 
how many million 
years each one 
lasted. 





Precambrian Hadic 
Archaic 
Proterozoic 
Phanerozoic Paleozoic Cambrian—trilobites, achaeocyathids 
Ordovician—tirst vertebrates 
Silurian—graptolites, placoderms, echinoderms 
Devonian—brachiopods 
Carboniferous—giant ferns, fish, amphibians 
Permian—first reptiles 
Mesozoic Triassic—primitive mammals 
Ri Jurassic—dinosaurs 
Cretaceous—first birds 
Today we know Cenozoic Paleogene Paleocene 
what dinosaurs Eocene 
looked like and 
Hes they lived Oligocene 
based on the Neogene Miocene 
| a Pleistocene 
remains. Holocene 
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THE DEVELOPMENT OF LIFE 
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ce ——— 


The origin of life has always been one of the most We now know that the earth is the product 
interesting subjects in science. Throughout history of various events that occurred jointly at a certain 
various theories have been devised: divine origin, — time in the history of our planet. 

spontaneous generation, eternal life, and panspermia. 


THE THEORY OF SPONTANEOUS GENERATION 


Ever since ancient times people have observed 
that if a piece of meat or fruit is left uncovered 
for a period of time, worms, fungi, and other 
living organisms appear on it, and likewise 
that lichens and other types of vegetation 
begin to grow on smooth rocks. In the past 
these observations led people to believe for 
many centuries that life could arise suddenly 
from inert matter, that is, spontaneously. This 
theory of spontaneous generation was 
shared by famous scientists even as recently 
as the nineteenth century when it was proven 
that it was a fallacy. 





In ancient times it was believed that certain 
animals that aid decomposition by feeding on 
dead creatures arose spontaneously. 





The most ancient remains of life known The fungi and molds that cover organic The worms that appear on a piece of meat 
date from about 3.8 million years ago; remains come from spores transported to a exposed to the air are larvae from eggs laid 
they were from simple bacteria that had site by air currents. by flies. 


T 


photosynthesizing elements. 





Pasteur ie = noe of yemeons generation ala eae ; PASTEU R > 
Culture Medium (above) an Cuilure mediuM ex Nn al W). an 
former, the culture medium ae tee ahereee riRceka aes ee in the EXPER | MENT 
latier, 
It wasn't until 1862 that the scientist Louis 
Pasteur disproved the theory of spontaneous 
generation. He conducted a series of 
experiments in which he completely isolated 
a Culture medium from the outside, thereby 
ensuring that no spore or egg could be 
deposited in it; as the days passed, he 
observed that no living organisms appeared. 
To be sure that there were no spores or cells 
that could germinate, he first boiled the culture 
medium several times. The isolated liquid 
remained unchanged for days at a time, but if 
it was left in the open air it quickly rotted and 
7 ¢ numerous organisms appeared in it. 
culture medium with no uncontaminated 

contact with the air 





This theory holds that because life didn’t 

arise spontaneously on earth, it must 

have come from some other planet 
culture medium proliferation of where it already existed. 

exposed to open air microorganisms 





HOW DID LIFE 
ORIGINATE? 


About 4 billion years ago the earth’s 
atmosphere was very different than it is today 
and entirely lacking in oxygen. There were a 
multitude of simple elements in the water of 
primitive oceans, such as carbon dioxide, 
ammonia, and methane, from which the first 
organic molecules were formed. Later, these 
molecules combined with one another to form 
proteins, DNA and RNA, macromolecules 
capable of maintaining their own structure and 
reproducing. Finally these macromolecules 
became enveloped in protective membranes 
and thus the first cells were created, which 
can be considered the first living beings. 


Life on earth arose from the 
development and 
combination of certain 
elements. 


When the first photosynthesizing years ago 
Organisms produced oxygen in the sea, 

some of it escaped into the atmosphere 

and changed it. 











MILLER’S 
EXPERIMENT 


organic matter 





The earth about 4 billion 


electrical discharges 


/ atmosphere 
with no oxygen 
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inorganic molecules 





MILLER’S EXPERIMENT 


In the early 1950s the biochemist S. L. Miller conducted an experiment 
in which he succeeded in synthesizing organic molecules from inorganic 
matter. He placed inside a beaker a certain quantity of a liquid in which 
he had dissolved various simple molecules, isolated it from the outside, 
and left it surrounded by an atmosphere with no oxygen. Then he 
continually subjected it to electrical discharges. After a few days he 
found a layer of organic material floating on the liquid; this material had 
been produced by energy from the electrical discharges, which allowed 
the simple molecules to combine with one another to form complex 
organic molecules (urea, amino acids, etc.). Miller's experiment 
simulated the conditions that first existed on our planet. 





The earth's ozone layer was formed from oxygen liberated from the primitive seas; it 
rose to the upper reaches of the atmosphere and acted as a protective barrier against 
outside radiation. Without the ozone layer, life outside water would not have been 
possible because cosmic radiation would have annihilated it. 
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The living organisms we see around us have not Over the course of history, some organisms have 
always been the same as they are today. Present- been incapable of evolving and have become extinct. 
day forms are the result of many gradual changes Others have taken on new characteristics that 
occurring over time that have allowed certain have made them more competitive in the search for 
species to adapt more effectively to their environ- food, shelter, and so on, and have helped them | 
ment and thus increase their ability to survive. survive to the present time. | 


AN EXTREMELY IMPORTANT EVOLUTIONARY CHANGE 


As we Saw in the previous chapter, about 

2 billion years ago the oxygen content of the 
earth's atmosphere began to increase as a 
result of the photosynthetic activity of the 
first organisms that inhabited the primitive 
seas. This element, while indispensable for life 
in most cases, is corrosive, and so the first 
organisms that lived in contact with it had to 
develop special adaptations. Other living 
creatures, including humans, evolved from 
these first cells capable of using oxygen for 
breathing. 


All evolutionary changes 
occurred gradually, but every 
advance increased the 
possibilities of evolving. 





The development of life became possible because of an increase in the oxygen content of the earth’s atmosphere 
about 2 billion years ago. 


—_ 


on as — CHARLES DARWIN 


The English naturalist Charles Darwin was 
born in 1809 in Shrewsbury, England. He 
devoted his life to the study of nature and 
was the first person, along with Alfred Russel 
Wallace to explain what we now know as the 
evolution of living beings. After a long voyage 
around the world that allowed him to carefully 
observe the flora and fauna of various places, 
he wrote his main work, On the Origin of 
Species. In this fundamental book, Darwin 
explained his theory of evolution based on 
natural selection. 





On ocean islands it is possible 
Erol to observe how evolution 

occurs based on natural 
selection. 





Darwin observed that different species of finches have evolved on the vanous Galapagos Islands. The photograph 
shows a beach on Espanola Island (Galapagos Islands, Ecuador 








EVOLUTION DUE TO GENETIC CHANGES 


Even though the laws of heredity (which were 
discovered by Gregor Mendel) were not known 
during Darwin's time, we now have adequate 
proof that the small changes experienced by 
organisms are due to genetic mutations that 
occur during reproduction. These changes can 
be positive or negative in terms of the 
Organism’s survival. We can detect only 
positive changes because they are the ones 
that last across generations. Negative 
changes, which reduce or hinder survival, 
commonly cause the death of the individual or 
make their descendents increasingly weak so 
that the changes aren't transmitted or, if they 
are, they disappear after a short time. 


Camels are animals that have adapted to the harsh 
conditions of deserts: In addition to being able to 
withstand long stretches of time without drinking, they 
accumulate large fat reserves in their hump for use 
when crossing deserts and during hard times. 


The appearance of any plant or animal is 
not a quirk of fate but a product of its 
adaptation to the environment. 
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FOSSILS: PROOF OF EVOLUTION 


Evolution explains the differences among 
present species, but how can it be proven that 
evolution really exists? A human lifetime is not 
long enough to allow direct observation of the 
changes that occur in species. Therefore we 
need other types of proof. One of the most 
irrefutable demonstrations that evolution has 
occurred is provided by fossils. When we have 
a series of fossils that belong to the same 
group, we can see that as the centuries have 
gone by they have undergone gradual changcs 
and evolved. 


LIVING FOSSILS 


Plants and animals that have hardly 
experienced any changes over a long 
time, even millions of years, are 
known as living fossils. One example 
is the nautilus. 


A comparison of various simitar fossils, whether of 
plants or animals, allows scientists to follow the 
evolution of a specific species 
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THE FORMATION OF FOSSILS 


The science of studying fossils is called paleon- 
tology. Thanks to fossils we can understand what 
living creatures were like in the past and how they 
have evolved up to the present time. If we study 


them carefully, they can also provide valuable 
information about the climate and the environment 
in earlier geological periods. Thus fossils are like a 
book in which the history of the earth is written. 


WHAT IS A FOSSIL? 


The term fossil is applied to any proof of a 
living being from the past. Thus fossils include 
plant and animal remains that have lasted up 
to the present day, such as bones, shells, and 
leaves, and that have become mineralized. so on. 
They also include vestiges of these living 

beings (and even a hollow or a mold left by 


Thanks to fossils it 
has been possible 
to reconstruct the 
appearance of 
animals that 
disappeared millions 
of years ago. The 
drawing shows a 
Triceratops skeleton. 













A fossil can be easily distinguished from a body 
because it is made of inorganic matter; it is as if it 
were a Stone shaped like a living being. 








their bodies when they were buried in sand or 
mud, their footprints where they walked, the 
nests they lived in, etc.), the remains of their 
excrement, the remains of their food, and 


Fossilized trees 
in the Petrified 
Forest, part of 

Patagonia in 

Argentina. 





A fossilized 
plant. 





Fossils that are vestiges of living organisms are 
called ichnofossils. 


Below, when ancient 
lakes and swamps dried 
up, they trapped many 
living creatures that 


HOW DO FOSSILS 
FORM? 


We all know that the organic matter that 
makes up the bodies of living beings rots or 
decays rapidly after they die. So how have the 
remains of organisms that lived more than 500 
million years ago managed to survive to the 
present? The simple answer is that what we 
see today is not the organic body of those 
beings (as in the case of mummies) but rather 
a fossilized body: When these organisms died, 
they were deposited in places where special 
conditions allowed the organic matter of their 
bodies to be gradually replaced by mineral 
substances. In other words, they were 
eventually converted to stone. 


became fossilized over time. 


MUMMIES 


Mummies are remains that have survived 
thousands of years without undergoing 
mineralization of their organic matter. This 
has been the case for organisms trapped in 
the lava of an erupting volcano, in resin from 
conifers, or in the ice of a glacier (such as 
the mummy “Juanita” from Arequipa, Peru). 





In order for an organism to be transformed 
into a fossil a series of specific events has 
to occur. First, when an organism dies, it 
has to be buried quickly, preferably in fine 
sediments, so that it is isolated from the 


THE FOSSILIZATION PROCESS 


Outside environment where the process of 
decomposition would begin. Second, the 
material that surrounds the organism must be 
of a special composition to help mineralize the 
body, in other words, to replace organic matter 


with mineral matter. In some cases the organic 
matter itself undergoes chemical changes that 
convert it to mineral matter. 


FOUR PHASES IN THE FORMATION OF A FOSSIL 





When an organism dies, its soft tissues 
decompose and parts such as the bones 


and the teeth are preserved. minerals. 


Good conditions for 
fossilization generally occur on 
ocean floors and on 

riverbanks. Therefore we find 
many more remains of aquatic 


than of terrestrial organisms. 





HARD PARTS, 
SOFT PARTS 


In general, when an organism dies, its soft 
parts (internal organs, skin, etc.) decompose 
rapidly through the action of bacteria or are 
devoured by organisms that feed on remains. 
As a result, there is generally time for only the 
hard parts to fossilize, such as bones, shells, 
and thick tree trunks. 





The rocks in which fossils are found are 
fine-grained sedimentary rocks. In general, 
_ the lower levels are older than the upper 
_ layers. 


With time, these hard parts are 
covered by sediment and replaced by 


below the surface. 


Over the course of thousands of years, 
earthquakes, faults, and so on, cause 
the fossil already formed to be buried 


Erosion and disruptions uncover the fossil, 


be revealed. 





Amber is a fossil resin in which organisms such as small plants and insects have become trapped. 


allowing all the information about its past to 
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THE GREAT EXTINCTIONS 


In the history of the earth there have been numerous 
natural disasters that resulted in the disappearance 
of countless animals and plants. There have also 
been some drastic climatic changes that have 
interrupted the evolution of certain species. In fact, 
only a few biological groups have succeeded in 


THE GREATEST EXTINCTION 


When we study fossils, we can conclude that there were at least five 
occasions on which the existing flora and fauna disappeared almost 
entirely, leaving just a few life forms from which new organisms evolved. 
The most significant of these events took place in the middle of the 
Permian, resulting in the disappearance of 95 percent of all living beings 
on earth. 


One possible cause of these great extinctions may have been continental 
drift. During the Carboniferous Period the location of dry land and the 
oceans underwent a great change, thereby modifying overall climatic 
conditions. It may have been that the majority of organisms could not 
adapt to these changes. 


Another possible cause for these extinctions was the drop in sea level 
that took place at the end of the Paleozoic Period as a result of the 
glaciation that occurred at that time. 


Trilobites were particularly plentiful during the Cambrian Period. By 
the Ordovician Period, however, only 100 of the original 700 genera 
remained; their number continued to decline, and by the end of the 
Permian they had disappeared. This event coincided with the 

moment at which many other marine invertebrates also vanished. 


adapting to these changes and surviving to the 
present. These events have occurred throughout 
geological history, but there have been certain 
periods during which the changes were more 
intense and caused massive extinctions. 
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Trilobites were one of the 

large groups that disappeared 

with the glaciations of the Permian. 


In western Australia (Wolf Creek) there is a huge crater 
created by the impact of a meteorite. Craters like this 
are proof that such catastrophes really did happen in 
remote times. 





WHY DID THE DINOSAURS DISAPPEAR? 


The second most significant mass extinction in 
the history of the earth occurred about 65 
million years ago. The dinosaurs and 80 
percent of the remaining species of living 
beings disappeared at this time. 


Some of the minerals formed at the end of the 
Cretaceous contain elevated concentrations of 
iridium, leading scientists to speculate that a 
meteorite must have collided with the earth at 
that time. The meteorite must have measured 
more than 6 miles (10 km) in diameter, and 
its collision caused a huge explosion and 

a colossal dust cloud that covered the 
surface of the earth for several decades, 
blocking out the sun’s rays. 


One theory holds that the impact 
of a huge meteorite on the earth 
raised a cloud of dust that 
darkened a large part of the 
planet for years. 






















During 5 of the massive extinctions of living 

organisms that have occurred over the course 
of the earth’s history, more than 60 percent of 
the species living at the time disappeared. On 


At the end of the Cretaceous, while mammals were 
slowly evolving, the giant dinosaurs disappeared 
because they couldn't survive the climatic changes and 
the great natural disasters. 
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A massive disappearance of species opens up countless ecological niches into which 
new species quickly move; this is what happened with large mammals, which 


Claimed the place vacated by dinosaurs. 


OTHER GREAT EXTINCTIONS 


another 21 occasions the extinctions were on 
a smaller scale, but they still involved the 
disappearance of between 30 and 60 percent 
of the species from the face of the earth. The 
most recent catastrophes of this type were 
those that occurred in the Eocene (about 57 
million years ago) and the Pliocene (about 5 
million years ago). 





Although an extinction involves 
a great loss of diversity at a 
specific moment, the species 
that survive a climatic change 
that causes a massive 
extinction are better adapted 
than their ancestors. The change 
acts as a selective filter, creating a new 
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THE FIVE GREAT EXTINCTIONS 
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The impact of a large meteorite on the 
earth’s surface can create an explosion 
much greater than the explosion of many 
atomic bombs combined. 


THE ADVANTAGES OF EXTINCTIONS 


impetus for the development of life. So the 
extinction of the dinosaurs, which had 
dominated the earth for millions of years, 
created an opportunity for a group that 
previously had been quite insignificant to begin 
expanding by taking advantage of its great 
adaptive capacity: mammals, the group to 
which we humans belong. 


The five great extinctions occurred at the ends of the Ordovician, the 
Devonian, the Permian, thie Triassic, and the Cretaceous periods. 
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PLANT FOSSILS 


The number of plant fossils is relatively small, which — those of algae, mosses, many ferns, and herbaceous 
makes it difficult to use them in the study of plant plants, which generally have no trunk, thick stalks, or 
evolution. The main cause of the scarcity of plant other kinds of hard structures, making it rare for 
fossils is the soft nature of plant tissues, especially them to fossilize. 
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THE FIRST PHOTOSYNTHESIZING ORGANISMS 


During the Precambrian, more than 2 billion years ago, there was a 
great proliferation of bacteria capable of carrying on photosynthesis. 
These bacteria formed large masses that became fossilized like striated 
rocks and are called stromatolites. These are the oldest known fossils 
because even though there probably were other organisms, we don’t 
have any direct evidence of their presence. That’s why it is said that the 
fossil record begins with organisms with plant characteristics although 
they really weren't yet plants. 









Sample of stromatolite with its 
typical concentric layers. 


Leaf of a cordate, 
an order of fossil 
gymnosperms that 
includes conifers 
and cycadales. 


Scientists have deduced that the organisms that formed 
stromatolites must have resembled present-day 
blue-green algae, which also are filamentous bacteria. 


This is the name commonly given to a gap that 





exists in a series of fossils, that is, the intermediate Evolution is continuous, and even though 
form (or forms) that must have existed between two _‘There are no fossil remains of many 
known fossils but have not yet been discovered. ancestor species, they still existed. 
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ay \ i) Rk." aera) Soe i Thanks to fossils we can understand part of 
ny ak ‘i . the evolution of the plants on our planet. The 
mY ae nS A | aida. Hey | io first to appear were algae, which lived in the 
ini, a ins Rik Ma) OPS Ss seas. Some types of fern fossils have also 
|e Ohgttn es | ite ACh Byes NEEM, been found from the Silurian; they diversified 
to give rise to other groups, of which only a 
few currently survive. Some species, such as 
conifers in the Carboniferous and 
angiosperms in the Cretaceous, arose 
suddenly in the form of completely 
developed plants. What we don’t know is 
which species preceded them and what 
their ancestors were. 
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In the Carboniferous, more than 300 million years ago, 
there were conifer forests similar to those in 
Washington state. 























THE CARBONIFEROUS PERIOD 


One of the richest periods for plant fossils was the Carboniferous, which 
occurred between the Devonian and the Permian; it lasted between 35 
million and 65 million years (depending on the source of information). 
The climate was hot and humid, without great seasonal or geographical 
variations, and was uniform all over the planet. These were ideal 
conditions for the formation of luxuriant forests of lycopodia, equisetum, 
and other types of ferns on which mosses grew. 
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Fossil specimen of 
Flabellaria 
haeringiana from 
the Oligocene. 


Specimen of 
Neuropteris 
species from the 
Carboniferous. 





Fossil ferns more than 300 million years old have been discovered that are similar to 
these arborea! ferns found on the island of Java (Indonesia). 


Present-day ferns are small, herbaceous There are few fossil fungi. The 
plants, with one exception, but during the oldest ones are from the 
Carboniferous, they made up dense forests Silurian, although most date 
all over the planet. from the Carboniferous. 










We know that certain groups of plants existed, ne eau of pe eee’ thick 4 

ayers that were later subje 2 
because we have discovered their fossils, but immense pressures inside the 3 
that they became extinct several million years earth's crust; they turned into . 
ago. Among these groups are psilophites, present-day deposits of coal 


lepidodendrons, sigillaria, sphenopholes, acca 


calamites, pteridosperms, cordaitales, and 
bennettitales. The fossil remains of their 
trunks, leaves, and seeds are known, as well 
as the marks left on soft sediments on which, 
for example, leaves fell. 

Some of these fossils can be found in coal 
mines. 
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MICROFOSSILS, SPONGES, AND COELENTERATES 


i a . 





In nature there are a multitude of tiny living creatures | amadgnifying glass or a microscope remain as proof. 
that are imperceptible to the human eye. These Other interesting fossils are those from sponges and 
creatures have existed since the start of time, and coelenterates, creatures with a simple body that 
today small microfossils that can be seen only with __ have lived on earth for a long time. 


MICROFOSSILS 


A study of sedimentary rocks under a 
microscope or a magnifying glass usually 
reveals a great variety of small fossils with 
truly extraordinary shapes: ovoid, star-shaped, 
conical, helicoidal, and so on. Among these 
fossils we find radiolarians, foraminifera, 
cocolithophores, silicoflagellata, diatoms, 
tintinids, and so on—in general, organisms 
that make up the plankton of the seas—as 
well as sponges and pollen from numerous 
plant species. 


























Polished limestone rock showing fossil 
shells of nummulites; these can be 
microscopic in size or reach 4 inches (10cm). 


In general, foraminifera are microscopic animals; The study of fossil 
however, fusulinids (all extinct) were between microorganisms in sedimentary 
= 0.31 and 0.47 inch (8 and 12mm) in length, and rocks is useful for learning 
4 nummulites (most of which are extinct) reached about the climate of distant 
4.7 inches (12cm) in diameter. ages. 


FOSSIL PORIFERA (SPONGES) 


Sponges, like many other animals, have bodies what remains in fossilized form. Every species 






made up of a series of individual cells each of sponge has different spicules, and by 
having its own function. Inside the mass of studying these structures we can learn that 
Ay cells are tiny structures resembling small many species of sponges lived in the past. 
¥ spines, spicules, which are made of calcium The fossil register shows that sponges have 
we: j \ carbonate or silicon. Together these spicules existed ever since the Cambrian, although 
_ make up a type of skeleton, which is usually most of the fossils of this group belong to the 
| secondary era or the Mesozoic. 
Hexactinnelid, a type of sponge whose + 


existence many millions of years ago we 


Aa née throinh face ic 
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a _ HEXANTINNELIDS — = —_ * 


From this sponge group only a small 
number of species have survived to this 
day although they are found only in deep 
ocean and sea waters. The fossil record 
shows that in the past this group was 
much more abundant than it is today and 
that it lived near the surface. 





C¢ a . : 
specimen of Syphonia 
piriformis, a fossil porifera. 





At the end of the Paleozoic there existed a © * 
group of organisms similar to sponges but 
lacking spicules. These organisms, which 
have been extinct since that time, are 
known as archaeocyathids. 


~MICROFOSSILS, SPONGES, AND COELENTERATES 





FOSSIL COELENTERATES 


Coelenterates or cnidarians are a Zoological Fossil specimen 
group that includes polyps (corals) and oan pee ea yee. 
medusas. Many species of polyps live in 

colonies on a common skeletal structure of a 
calcareous nature or a cornea. In general, 
because their skeletons became fossilized, the 
fossil coelenterates that we find are of this 
type. In the case of medusas it is difficult to 
find fossil remains because their bodies are 
extremely soft. However, some imprints of 
their bodies were preserved when they were 
deposited on a soft sediment. 



















Fossil specimen of a 
Seaphiocrinus species, a 
coral that lived in the 
Carboniferous. 


A VERY ANCIENT GROUP 


Coelenterate fossils date only as far back as 
the Silurian (more than 400 million years ago) 
because the species that existed before this 
period apparently had no skeleton and left 
hardly any remains pointing to their existence. 
Studying these fossils shows that in every 
geological epoch, in rare instances, certain 
species that have survived until the present 
had great evolutionary variety; that is, 
throughout their history they gave rise to many 
different life forms. 


It is not Known precisely how many 
Coelenterate species have existed, but 
about 9,000 different types have survived 
to the present. 


Sponges and coelenterates 
(medusas, polyps, corals, etc.) 
are the oldest known multicelled animals. 
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FOSSILS OF MOLLUSKS AND ECHINODERMS 











Mollusks and echinoderms are animal groups in 
which most species have one ideal feature that 
allows them to become fossilized: a valve or a hard 
shell that surrounds the body. For this reason and 
because they have existed for almost 600 million 


A VARIETY OF ANIMALS, A VARIETY OF FOSSILS 


Mollusks can live on dry land, in fresh water, or in salt water; can feed 
on plants or animals; and can range in size from small to enormous. This 
variety of characteristics also existed in the past as shown by the fossils 
found up to the present time, which can measure from a few millimeters 
in length to more than 10 feet (3m) in diameter and come in various 
shapes. The oldest mollusk fossils date from the end of the Cambrian, 
more than 500 million years ago. 


Gastropods are a mollusk group adapted 
for movement thanks to their “foot,” 
which can be retracted for protection 
inside their shell; because of its 
composition, the shell can be preserved 
nearly intact through fossilization. 

Left, the front and back of a Planorbis, 
right, a Neptunia shell. 
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Fossil specimen of a 
Hildoceras species. 














years, they are two of the most abundant and varied 
of fossil groups, especially the mollusks. More than 
10 percent of all fossils found represent one or 
another species from these two animal groups. 


Fossilized mollusk 
shells. 









These large mollusks lived during the Ordovician (500 to 430 
million years ago). Fossil shells of mollusks from the Orthocerida 
more than 10 feet (3m) in diameter have been found. 


NAUTILOIDS AND AMMONITES 


Nautiloids were a mollusk group that was abundant and varied in the 
past, with more than 700 different varieties, of which only a handful have 
survived until today. The oldest fossils a 

known are from the beginning of . 
the Cambrian, but most of these e7@Qeas4 
creatures disappeared during the 2 fons 
Triassic, about 220 million years | 
ago. 

Ammonites were another 
mollusk group that lived during the 
Mesozoic (65 million to 225 million 
years ago) but later became totally extinct. 
Some of them were large, exceeding 
6 feet (2m) in length. Their shell was conical and had several 
chambers inside. It appears that this group originated along with 
nautiloids during the Devonian but couldn’t adapt to the changes that 
later occurred. 


The only fossils of this mollusk group that have been found are from 
the Paleozoic, and so it has been considered an extinct group. 
However, in 1952 one species known as Neopilina galathaeae was 
discovered still living on the Pacific coast at a depth of 15,000 feet 
(5,000 m). 






Cross section of a 
present-day 
nautiloid. 
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ECHINODERMS 


This animal group presently includes sea 
urchins (Echinoidea), starfish (Asteroidea), 
ophiuroids (Ophiuroidea), holothurians 
(Holothuridea), and crinoids (Crinoidea). j 
Although these animals appear to be quite an ¢ 
different from one another, the evolution 
revealed by their fossils shows that they are 
closely related groups. They have a skeleton 


ECHINOIDS OR SEA URCHINS 


These creatures appeared at the start of the Silurian and 
have survived to the present time. Their fossils show that 
this group has evolved rapidly, which makes them 
interesting to study from a paleontological viewpoint. 


A present-day 








made up of various articulated plates that starfish. 
surround the body, but in some groups, such at 
as Starfish, ophiuroids, and holothurians, these soot te 
plates are fairly small, making it harder for Ra. Bae 
them to become fossilized. In fact, few @ os ey i 
remains of holothurians have been found. eo Bake Ve Y.. 

Fay Sho, 


A fossilized specimen of 
Brissopsis lusitanicus, 
a sea urchin. 


Both asteroidea and ophiuroids appeared 
toward the end of the Ordovician era 
(approximately 450 million years ago), and 
both groups are currently well represented 
in Our oceans. 





CRINOZOA 


Crinozoa are the least known echinoderms. 
They have a skeletal tube into which the 
animal’s body is inserted, with an opening at 
each end. The lower part has extensions that 
serve to anchor the animal to the substrate; 


projecting from the upper opening is a series A crinoid 
of tentacles through which it breathes and a Ra 
feeds. The most ancient groups (Cystoidea (lower). 


and Blastoidea) appeared in the Paleozoic, 
about 500 million years ago, but became 
extinct before the end of that era. The most 
modern group (Crinoidea) appeared during the 
Mesozoic, about 200 million years ago, and 
some of their representatives have survived to 
the present. 


Holothurians, also alive today, 
appeared in the Silurian era about 
420 million years ago. 





A present-day holothurian. 
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FOSSILS OF ARTHROPODS 


Even though arthropods have an external skeleton 
covering their body, they are not creatures that are 
easily fossilized. In general, this is because their 
skeleton is primarily chitin, a material that is difficult 
to mineralize, and is articulated, that is, made up of 


TRILOBITES 


Trilobites were the first arthropod group that 
appeared (their fossils are the most ancient 
ones in this group). They lived for more than 
315 million years, from before the Cambrian 
(540 million years ago) up to the end of the 
Permian, when they became extinct. They had 
an exoskeleton rich in calcium carbonate, 


Trilobites are divided into 
three sections. 


tail 


Fossil of a paleocopid ostracode, 
which scarcely reached 0.2 inch 









(5mm) in length. 


In general, marine 
crustaceans are the best 
preserved fossil 
arthropods because they 
have a fairly thick 
integument with a 
relatively high degree of 
calcification. 


The medium in which crustaceans live 
encourages fossilization because when they 
die they remain on the bottom where they 
quickly become covered with sediment. 


which helped them greatly in surving to the 
present in fossilized form. The specimens 
that have been found measure from a few 
fractions of an inch (millimeters) to almost 5 
feet (60cm) in length, but the majority vary 
between 2 and 3 inches (5 and 8cm). More 
than 1,500 types have been classified, and 
fossilized tracks left on sediments on 

which they moved have also been found. 





several pieces that, once the animal dies, come 
apart easily. As a result, the fossil record of 
arthropods is not as complete compared to that of 
other animal groups; still, they are an important 
group for paleontologists. 


Fossil specimen 
of Paradoxides 
spinosus, a trilobite. 








Trilobites were marine animals that lived on the bottom of the ocean 
at a moderate depth, although some swam freely. They apparently ate 
microorganisms present in the water. i 


Trilobites moved on the sediments of the ocean bottom, 
ae leaving clear trails wherever they went. 


MARINE CRUSTACEANS 


Fossils of several crustacean groups from the Cambrian, about 500 
million years ago, have been found; examples include merostomes and 
ostracodes. Others, such as cirripeds, didn’t appear until the Silurian 
(430 million years ago), and decapods didn’t appear until the Triassic 
(225 million years ago). There are current representatives of all these 
groups, but in general most of these species have disappeared along 
the way. Thus there are many more fossils than living specimens. 


























INSECTS 


Although there have been countless species of insects throughout the 
history of evolution, relatively few of those that have disappeared have 
left behind fossils that have survived to the present day. When insects 
die, their integument breaks down quickly and its sections come apart. 
In addition, many structures, such as wings, are so delicate that it’s hard 
for them to become fossilized. During the Carboniferous, about 330 
million years ago, there was tremendous diversification in this group 

of organisms. 







The fragility of many insect bodies, 
as in the case of the butterfly, 
makes it unusual to find fossils of 
their entire structure. 
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Although scarabs (Coleoptera) are an important insect group, they 
appeared somewhat later than the other groups. 


The oldest known land fossil is that of a 
scorpion found in the Baltic; it dates from 
the end of the Silurian. There’s not much 
difference between fossil scorpions and 
scorpions living today. 
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ce a 
Spiders and ree 
myriapods or r oa 1 


centipedes appear | \ 
in deposits dating 
from the 
Carboniferous. 


GIANT ARTHROPODS 


In some geological eras, arthropods reached a truly spectacular size. 
That was the case with the dragonfly Meganeura, which lived during the 
Carboniferous and had a wingspan of more than 27 inches (70cm). 
Another large insect was Titanophasma fayoli, which was 16 inches 
(40cm) long and had a wingspan in excess of 5 feet (60 cm). 


The Carboniferous was marked by a great 

expansion in the number of living beings, and a_i 
generally speaking, the animals were larger than 

those living today. 


A copy in resin of 
Kalligrama haeckell, a 
winged insect of large 
proportions. 


The beginning of an expansion in the 
number of insects coincides with the 
appearance of higher plants on dry land. 
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GRAPTOLITE FOSSILS 


Graptolites were animals that lived during the Lower _—_ studies because they allow us to form a rough idea 
Paleozoic and left behind many fossils. Deposits of of the climatic regions that existed during the 
graptolites are extremely important in paleontology Paleozoic. 


a es — — —— —— 


COLONIAL ANIMALS 


Graptolites were small animals that lived together in colonies much as 
corals do today. They had a common skeleton of chitin with a main stem 
that could be either single or branching. In the latter case they formed a 
type of feather in which each branch could exceed a yard (meter) in 
length. The living organisms were located along the edges of the 
branches, and they communicated with one another through tiny 
Canals running throughout the skeleton. 


















Cross section of the graptolite 
plographus. Graptolites 
became extinct millions of years 
ago, and today we know about 
their structure and how they 
functioned from the many fossils 
that have survived. 
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Graptolite specimen. 











Ia 


Almost all scientists believe that graptolites were animals 
that could be classified as Hemichordata because they 
shared some characteristics with present-day 
Pterobranchia. 








FOSSILS IN TWO AND 
THREE DIMENSIONS 


In most cases, graptolite fossils are found as fine layers of carbonated 
material on pieces of slate that merely indicate the outline of these 
Creatures. The name graptolite, which means “inscribed stone,” was 
because these fossils resemble a drawing on a rock. However, there are 
some deposits in which entire fossils have been preserved in three 
dimensions. These recent discoveries have allowed us to study the The bearenee are called De 
internal structure of these animals in greater detail. a a aes 


A complete fossilized graptolite. 
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THE GROWTH OF GRAPTOLITES IMMOBILE ORGANISMS? 


The Earth 
A triangular or conical cell can be seen at the ends of a graptolite; it is According to another theory, graptolites lived anchored to the bottom 
known as the sicula and apparently is the area where the link to the of the ocean, in some cases for their entire lives, and in others, only 
entire colony begins to form. It is highly probable that this structure during their youth. poles 
ollecting 


corresponds to the initial organism formed from a zygote (through Mi 
sexual reproduction), which later expanded through gemmation peas 
(asexual reproduction) to both sides, thus forming a long colony 
that underwent branching. 
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of Fossils 
Three specimens of graptolites: top left, 
Monograptus lobiferus; top right, 
Spirograptus species; lower left, Extinctions 


Dyctionema species. 
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The main branch of a graptolite is Dinosaurs 
called a virgula. 





Mammal 
and Hominid 
Fossils 
Graptolites are classified into two main 
groups: Dendroidea, which apparently lived 
attached to the substrate, and Graptoloidea, 
which were free to move about. Collecting 
Fossits 
WHEN DID GRAPTOLITES LIVE? 
Fossil 
Deposits 
The oldest graptolite fossils date from the end of the Cambrian, about RGANISMS? 
500 million years ago. However, it was during the Silurian (about 420 PLANKTONIC ORGANISMS» 
million years ago) that they diversified and spread out over a larger area, i 
t arently lived floating on the oceans thanks 
and the majority of graptolite fossils date from that time period. The most Colonies of graptolites apparently 1 g Alphabetical 
td its date from the middle of the Devonian. in other words to a flotation organ to which the arms of the colony were attached, Subject Index 
Reece eregeayes Olt! the migaleapr We Levontan, ; and they were an important part of the plankton in Paleozoic seas. 


about 390 million to 379 million years ago. 
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FOSSILS OF FISHES AND AMPHIBIANS 


With fishes and amphibians we enter into the realm _ fishes. Thus, we can say that the ancestors of 
of vertebrate fossils, that is, fossils of animals with amphibians, reptiles, birds, and mammals were 
an internal skeleton. The first vertebrates belong to _ fishes. 

the agnath group (i.e., without jaws), which are 











CARTILAGINOUS FISHES 


The majority of fishes that lived during the Paleozoic and the Mesozoic 
(from 540 million to 65 million years ago) had a skeleton made of 
cartilage, a soft material that is fossilized with great difficulty. As a 
result we find few specimens of fishes from these eras that have 
retained some part of their skeleton. However, in compensation, they had 
a hard skin and strong, well-developed teeth, and these are the features 
that have lasted and are most frequently used in identifying the oldest 
fossil fishes. 


ti 






The coelacanth is 
a bony fish that was 
believed to be extinct 
and was known only 





through fossils. But in at z 
the 1930s a few About 400 million years ago bony La 
Specimens were fish diversified; their skeletons dal 
discovered in deep a he 
Welbes riaar the were ossified and therefore much :*, 
African coast. easier to preserve. te, 


Fossil of a Heliobatis 
ray, a placoderm fish 











Fossilized shark's 
tooth. 





The oldest fossils date from the Ordovician, 500 million years 
ago. The first fishes with mandibles began to appear in the 
Ordovician and included placoderms and acanthodians. 


PLACODERMS 


During the Paleozoic there lived a special crustacean or insect, but later they were 
Py group of fishes, placoderms or armored found to be a type of fish. This group had an 
. fishes, so called because they were covered internal skeleton of cartilage that became 
by a sort of armor made up of large, bony fossilized with great difficulty. Most of the 
plates. The shape of their bodies first remains found are of the armor plates. 


reminded paleontologists of that of a giant 
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FOSSIL AMPHIBIANS 


Ihe Earth 
Amphibians appeared during the Devonian, about 360 million 
years ago; they arose from fishes that had evolved and acquired 
characteristics allowing them to live part of their lives on dry land. 
One of the first adaptations for a nonaquatic life was replacement of Collecting 
their front fins by two legs for moving about on solid ground. Another ees 
adaptation also exhibited by dipnoans was the acquisition of lungs in 
adulthood that allowed breathing outside water. The period of greatest 
expansion and diversification of amphibians was the Permian, although Crystalline 
later climatic changes caused most species to become extinct during Systems 
the Triassic. 
Gems 
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Pee STEGOCEPHALIANS pean 


ees cectreniola This group of extinct amphibians had 


stegocephalian. characteristics different from those of animals 
living today. They had elongated bodies with a The Formation 
long tail and two pairs of legs that became so of Fossils 


small in some species that they eventually 
disappeared and the creatures had to move by 
means of slithering motions. Their bodies 
were covered with a hard sheet of bony 
plates, and they had special teeth with ridges 
in the form of a labyrinth. They apparently 

had a third eye on their forehead known as 

a pineal eye. Some, such as Eryops, eee ee 
were large, exceeding 9 feet 
(3m) in length. 

















Crossopterygians and 
dipnoans are two groups of 
fishes considered to be 
ancestors of amphibians. 
The first amphibians to 
come into existence were 
stegocephalians. 


Extinctions 


Types of 











ICTHYOSTEGA | 
Dinosaurs 
This creature appears to be the 
link between fishes and 
amphibians. It ie a Mammal 
enormous amphibian whose are Horaieita 
Stegocephalians produced three skull was similar to that of Fossilis 
evolutionary branches: first, true crossoptergian fish. It 
stegocephalians which became extinct in 
the Triassic; second, the group that has ae ee, pe 
survived to our time in the form of present- the Se 
day amphibians; and third, the group that extinct during the Triassic. Colle tanig 
formed the basis for reptiles. Fomsii 
Fastil 
Dei uaaits 
A@habetica! 





Subject Widex 





<p) 
O 
= 
a 
O 
Z 
< 
”) 
uw 
= 
—_ 
oO 
uu 
cc 
LL 
O 
n 
= 
a 
a 
O 
oe 








FOSSILS OF REPTILES AND BIRDS 


In zoology books birds and reptiles are treated as 
Separate groups, but it would be more appropriate to 
treat them as a single group, reptiles. The study of 


evolution shows that birds are a type of reptile that 
has undergone significant changes in certain fea- 
tures, including its metabolism and its behavior. 


A SMALL HOLDOUT FROM THE PAST 


The reptiles we know today are only a small 
representation of what was a large group of 
animals in the past that was much more 
diversified and probably dominated the 

rest of the vertebrates during the 
Mesozoic. 





They appeared about 300 million years ago at 
the end of the Carboniferous and were the 
first vertebrates to successfully colonize land. 
They had diversified considerably by the 
Triassic, but it was surely during the Jurassic 
that they reached their zenith; this period is 
therefore known as the “age of reptiles.” 


A Mesozoic landscape, specifically from the 
Jurassic. In the foreground is a Compsognathus, and 
behind it, from left to right, an Aptosaurus, a 
Stegosaurus, and an Archaeopteryx. 
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THE EVOLUTION OF REPTILES 


We don't know for sure where reptiles came 
from. Some paleontologists maintain that they 
originated from primitive amphibians, 
Labyrinthodontia, but so far no fossil 
evidence of this evolution has been found. 


Tortoises from the Galapagos Islands (Ecuador) have a 
shell 3 feet (1m) long: they weigh about 0.5 ton and 
can live more than 100 years. They are in danger of 
extinction and are now a protected species 


Theromorphs, were the first group of known 
reptiles. They gave way to pterosaurs, 
plesiosaurs, dinosaurs, and, on the one hand, 
to the reptiles that have survived to the 
present, and on the other, to primitive 
mammals. All members of the theromorph 
group became totally extinct during the 
Jurassic. 








The only representatives of reptiles that 
have survived to the present are lizards, 
turtles, snakes, and alligators and 
crocodiles, animals with a different 
outward appearance but with similar 
internal characteristics. 





Fossil specimen of Chrysemys iberica, a reptile. 
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PRIMITIVE GROUPS THE EXTINCTION OF 


THE DINGSAURS The Earth 
Pterosaurs were reptiles that were capable of converted to fins that allowed them to swim 
flight because their anterior extremities had and dive quickly. Extinction of the dinosaurs was not a 
been transformed into wings. They lived during Dinosaurs were a large group of land sudden occurrence but rather one that took 
the Jurassic and the Cretaceous. reptiles that likewise reached their zenith several thousands of years. a 

In the oceans of those periods there also during the Jurassic and the Cretaceous. eee 

lived aquatic reptiles, icthyosaurs and All these groups became extinct at the end 
plesiosaurs, whose extremities had been of the Mesozoic, about 65 million years ago. 
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The oldest known bird is Archaeopteryx. The fossils that have been found 
from this species date from the last stages of the Jurassic, about 160 
million to 150 million years ago. During the Cretaceous this genus had 


become quite diversified. These primitive birds still retained some The Formation 






characteristics common to the reptiles that had preceded them, such as of Fossils 
Above, Archaeopteryx had the presence of teeth in the beak and certain skeletal similarities such as 
ee an on emt large tails containing many vertebrae. It’s possible that many of these 
were used for climbing. “J ie Below, a resin mold of an birds could not fly, although they could climb trees easily. Extinctions 


Archaeopteryx major fossil. 
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Fossils 





Dinosaurs 
Mammal 
and Hominid 
Fossils 
The beak and foot of Collecting 
a woodpecker, a Fossils 
present-day bird. 
Fossil 
H ' Deposits 
ARCHAEORNITHES AND NEORNITHES 
Archaeornithes was a type of bird with primitive characteristics 
between those of reptiles and birds; Neornithes was a genus of Alphabetical! 
birds that looked similar to the birds of today, but some of them still Subject Index 5 
retained teeth. | 
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DINOSAURS | 


Dinosaurs appeared in the Triassic, spread out, and 
dominated the earth during the Jurassic and the 
Cretaceous, but later they became extinct. They had 
many different shapes and sizes, as well as many 
different lifestyles: Some were herbivores, others 


were carnivores, and still others, omnivores; some 
were diurnal, others nocturnal, and so on. Generally 
they lived on land, but some species adapted 
to swampy terrains and to searching for food in 
lakes. 
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WARM-BLOODED ANIMALS 
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One of the main reasons for believing 
that dinosaurs were homeothermic 

is that it would be impossible to warm 
such huge bodies with only the heat 
from the sun. 


Aptosaurus was the heaviest animal (68 feet [22 m 
long} and weighing 30 tons) ever to walk the face of the 
earth. It's hard to imagine that a cold-blooded animal of 
this size could maintain enough heat to move about and 
Carry out its metabolic activities. 


illustration of an 

iguanodon, an herbivorous 
dinosaur that measured up Le 
to 33 feet (10m) in 
length and weighed 
up to 4 tons. 


ORNITHISCHIA 


The dinosaurs of this order had a pelvic 
structure similar to that of birds, with a long, 
strong projection at the top. In general they 
moved about on four legs. The majority were 
herbivores. Three examples are Iquanodon, 
Triceratops (which weighed up to 8 tons; it 
had a large head more than 6 feet [2 m] long 
and had long horns and bony plates), and 
Stegosaurus (which had a longitudinal series 
of bony plates on its back for use as defensive 
weapons and in regulating body temperature; 
it also had hornlike spikes at the end of its 
tail). 


Some omithischian dinosaurs, 
such as Trachodon, had a snout 

in the shape of a horny beak ae 
with no teeth. 
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Recent studies show that, in contrast to earlier 
beliefs, dinosaurs were homeothermic 
animals, in other words, Capable of 
maintaining their own internal body heat 
regardless of the temperature of their 
surroundings. This discovery is of great 
importance because it provides a much 
better understanding of their 
evolutionary relationship to birds 

and also brings us closer to an 
understanding of how these animals 
behaved. 





~ 
9 ha A 








One simple classification of 
dinosaurs distinguishes between 
Ornithischia and Saurischia. They 
are differentiated mainly by 

— the shape of the pelvis. 
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‘ Illustration of a Brachiosaurus, a giant 71 feet jong and 
SAUR ISCH 1A f weighing as much as 70 tons 
The dinosaurs of this order had a pelvic structure similar to that of \ \ 
lizards: simple, with no projection at the top. There were herbivorous \\ ; 
species, such as Brachiosaurus, Aptosaurus, and Diplodocus, and B \ i | 
others that were fearsome predators, such as Tyrannosaurus. Their size Vi. = re 
also varied widely: The smallest were the size of a rat, and the largest u > 5 ee 
were more than 60 feet (20 m) long and weighed 25 tons. 
Crystalline 
Systems 
As herbivorous dinosaurs Gems 
became larger, so did 
Carnivorous dinosaurs. 
Crystals and 
Minerals 
Rocks 
os Life on 
Earth 


SOME DINOSAURS IN THE 
ORDER SAURISCHIA 







The Formation 
e Apatosaurus: Also known as Brontosaurus, it measured up to 71 of Fossils 
feet (23m) in length, and its weight could exceed 30 tons. It used its tail 
as a weapon to defend itself from its enemies and led a semiamphibious 


life. 
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° Diplodocus: This dinosaur was /, pm ee 
similar to Aptosaurus but had a 

much tighter build. It too led a 
semiamphibious life. 


Extinctions 


Below, illustration of a 
Diplodocus, which Types of 
reached up to 77 feet Fossils 


e Tyrannosaurus. This animal was up to 47 feet (15m) in length. 


long and could weigh 7 tons. It had two powerful hind legs 
that allowed it to move very rapidly, and it used its tail to 
maintain its balance. Its jaws were equipped with fearsome 
teeth. 
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Illustration of a Diplodocus skeleton in the Museum of Natural History, 
London. 
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DINOSAURS II 


During the Jurassic the exposed land masses of the expansion of dinosaurs throughout the world and 
planet were joined together in two great continents: | explains why today we can find fossils of these 
Laurasia in the north and Gondwana in the south. animals in all areas of the globe. 

This arrangement fostered the colonization and 


illustration of a Compsognathus, a saurischian that 


D I P L 0 D 0 G U S was about 5 feet (60cm) long and weighed about 


5.5 pounds (2.5 kg) 
























Diplodocus belongs to the Saurischia group. It was a large dinosaur, 
up to 77 feet (25m) in length and 19 feet (6 m) tall; It had a 


disproportionately small head for its body, and the neck and 
tail were very long. It lived in small family herds in 
swampy areas. Some of the main deposits of Diplodocus eee 


fossils are in Colorado Canyon, where numerous types have 
been discovered. 


COMPSOGNATHUS 


Compsognathus belongs to the Saurischia group; it was one of the 
smallest dinosaurs, similar in size to a rabbit, but was still a ferocious 
predator because it was a Carnivore, aS suggested by the powerful teeth 
preserved in fossil specimens. It had a long body, a light skeleton, and 
long rear legs, indicating that it was an animal that could jump nimbly 
and quickly. 

There is a Comsognathus 
specimen in the German ced 
Museum in Munich. 





TYRANNOSAURUS REX 


This large dinosaur from the Saurischia group 
reached up to 47 feet (15m) in length. It must 
have been a terrible predator in its day 
because it was equipped with teeth that 
exceeded 8 inches (20cm). It was a sturdy 
animal, and the fossilized front feet found are 
So small that they surely weren't used for 
walking. On the other hand, the rear legs were 
very robust, and so it’s believed that 
Tyrannosaurus was a biped and capable of 
moving quickly. The remains discovered are 
from the Cretaceous. 






Right, reconstruction of a 
Tyrannosaurus rex skeleton 

in the Museum of Natural 
History, New York. 
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lilustration of a 
Tyrannosaurus rex. 















MEGALOSAURUS 


The remains of a large animal that 

may have measured up to 22 feet 

(7m) in length, classified among the 
dinosaurs of the saurischian group and 
called Megalosaurus, have been found in 
several deposits in Europe. Judging by its large 
teeth with serrated edges, it must have been 
carnivorous. It also had long, robust hind legs 
and small front legs, which suggests that it 
was a biped. 


GIGANTIC TRACKS 


Some sedimentary rocks contain large 
depressions that are separated from and 
parallel to one another and follow certain 
routes. These holes evidently are dinosaur 
tracks that became fossilized and have lasted 
to the present time. These tracks help us 
understand how dinosaurs moved and the 
speed and weight that characterized these 
animals. Fossilized tracks have been found in 
several locations around the world. 


Fossilized dinosaur 
tracks in Los Cayos, La 
Rioja, Spain. 








DINOSAUR EGGS 


lltustration o 
Megalosaurus 


Like reptiles of today, dinosaurs reproduced by means of eggs. The 
females deposited their eggs in strategic locations so they would receive 
enough heat for incubation. It’s believed that the females of certain 
dinosaur species were good mothers and that, like today’s crocodiles, 
they took care of their eggs; once they hatched, they protected their 
offspring until they were old enough to defend themselves. 

Dinosaur eggs in a fairly good state of preservation have been found 


in some deposits. 


Some dinosaurs protected eggs inside their bodies, and 
once they hatched, the babies emerged into the outside 
world. In other words, dinosaurs were ovoviparous like 


some of today’s snakes. 
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FOSSILS OF MAMMALS 


After the Mesozoic, during which the earth was 
dominated by reptiles, came the Cenozoic, which 
saw the greatest expansion in the number of 
mammals. Ever since then this animal group has 
continued to gain ground, to the point where it is 


MAMMALS 


One of the main characteristics that differentiate mammals from other 
animals is the presence of mammary glands in the female, which 
produce milk to feed the young during early life. Also, mammals are 
homeothermic, and the presence of fur provides an excellent tool for 
controlling internal body temperature. In addition, providing care for their 
young and a much longer learning period than that seen in other animals 
contribute to their ability to adapt to the environment. 


Present-day mammals are 

the evolutionary product of reptiles. 
The photograph shows a fox from the 
Chilean Patagonia. 





Reconstruction of a mammoth skeleton at the Museum of Natural History, New York. 


lnc) aneno at tha . oe imet | 
Below. some of the ancestors 0 today S mammals. 





now the dominant group and is present in all 
habitats from the frozen polar regions to the hottest 
deserts, including forests, grasslands, rivers, lakes, 
seas, and oceans. 





EVOLUTION 


The first mammals appeared during the 
Mesozoic at the end of the Triassic (about 
220 million years ago), evidently descending 
from reptiles. They were small animals with a 
peculiar appearance similar to that of today’s 
shrews. The dentition we find in the fossils of 
mammals from this period is similar to that 
of present-day insectivores, and they must 
have lived on the ground or in trees. Their 
extremities have five fingers with ends 
resembling an intermediate step between 
fingernails and hoofs. 


Mammals, along with birds, are 
an animal group that has been 
expanding up to the present 
time. 





HOW CAN WE TELL IF A FOSSIL SKELETON BELONGS TO A MAMMAL? 


Even though the main characteristics that 
distinguish mammals is the presence of 
mammary glands and the existence of fur, 
these features don’t survive in fossils because 
they are part of soft tissue that generally 
decays and is entirely lost. Even so, mammals 
have skeletal peculiarities that make it 
possible to catalog their fossils precisely within 
their group. Among the main differentiating 
characteristics that paleontologists use is the 
structure of the extremities, the dentition, 
and the skull. 

















One characteristic of mammal skulls is that the joint at 
the third vertebra involves two projections (occipital 
condyles) and that the lower jaw is connected directly 
to the skull with no intermediate bones. 







Skeleton of a saber-toothed 
tiger, so named because of 
its huge incisors. 







pf ae 
on J , sal Reptile skulls are different from mammal 
ar. af eA skulls because their dentition is uniform, 
yo consisting of just one type of teeth; in 
mammals, however, there are different 
types of teeth (incisors, canines, and 


A STEP BACK IN HISTORY molars). 





Thanks to a study of fossils we know that as 
early as the Mesozoic the earth was inhabited 
by mammals of the prototherian group (which 
today is represented only by the 
ornithorhynchus and the echidna), 
triconodonts, doconotonts, allotherians and 
multituberculates, and some primitive 
marsupials. 

The Cenozoic marked the appearance of 
such groups as marsupials or metatherians 
(which became widespread), insectivores, 
tillodonts, chiropters (bats), creodonts 
(which became extinct during the Miocene), 
carnivores, rodents, ungulates, and the first 
primates, among others. 

During the Pliocene most of the groups that 
had appeared in the preceding epoch 
abounded, and the first hominids arrived. 


The mastodon is a fossil mammal similar in appearance 
to present-day elephants. Mastodons have been 
preserved in ice, and so we have been able to 
determine what they really looked like; people have 
even eaten meat from some of these animals. 
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HOMINID FOSSILS 


The human is one of many animals that inhabit the members of the primate group, although this 
earth, and like any other, humans made their possibility was denied for many centuries. Fossil 
appearance at a specific time, having evolved from evidence shows that, like all living creatures, even 
an earlier animal. We are now positive that we are we humans are the product of biological evolution. 

















Gorillas, orangutans, and chimpanzees 
are the primates that most closely 
resemble humans and are the 
Closest genetically. 


FOSSIL PRIMATES 


The first primates appeared during the 
Cretaceous, almost 150 million years ago, 
even though it took until the Cenozoic for 
them to expand their range and diversify. 
Some branches have become extinct, but 
many others still exist, for example, the lemur 
and the loris. The rest of the primates, such as 
anthropoids and hominids, appeared during % 
the Cenozoic. % 


“ 







Protohominid 


DISTINGUISHING TRAITS OF HOMINIDS 


There are a few characteristics that can aid 
in determining whether a fossil skull is that 
of a hominid or of another primate. One of 
the main ones is the cranial capacity of 
hominids, which is greater than that of other 
primates. In addition, unlike other primates, 
hominids hold their body erect. In fossils this 
characteristic can be verified by studying the 
base of the skull. Hominids have a hole right 
under the skull where the first vertebrae of 

_ the spinal column insert, whereas in other 

‘\ primates this hole is located farther back. 
Another characteristic is the dentition; in 
hominids the canines are small in companson 


Neanderthal to those of other primates. 


Cro-Magnon 

Paleontologists take great pains to avoid confusing Fossil skull of a hominid 

fossils of gorillas and chimpanzees with those of (right) and fossil skull of 

primitive humans because they can resemble one another primate (left). / 
another greatly. 


Another bone that is useful in 
Classifying fossils within the 
hominid group is the pelvis, 


which is broad and is the right 
aaa shape for walking upright. 
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WHEN DID THE FIRST HOMINIDS APPEAR? 














The Earth 
There are fossil remains of a hominid that lived during the Miocene (at “we 4 a, 
the end of the Cenozoic), about 20 million years ago; it is known as e . : m \ 
Ramapithecus. \t is one of the most primitive hominids known but & Vo‘ iy Coltect 
already has some characteristics, such as the shape of the jaws and the Ye et ts Sere 
Structure of the teeth (with small canines) that allow classification within _ 
the hominid group. € 
Sa A ex = “ey | 
Bela ea eae A } <n A ae s Crystalline 
emains of an Australopithecus, a name used to ‘ C Nene : 
designate archaic hominid fossils dating from ite i a Systems 
between 4 million and 1.5 million years ago. Aa &, — 
These hominids were short, between 3 and 4.5 feet és —_ 
(1 to 1.5m) tall. Their fossils have been found in Africa. #. 
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Cro-Magnons lived during the upper Paleolithic (about 
30,000 years ago}; they were some of our most direct 
ancestors. Dinosaurs 


THE GENUS HOMO As humans have continued 





evolving, their cranial pean els 
capacity has increased. The Ch LL 
The oldest fossils of this genus are from Homo ae aoe of H. habilis Fossils 
habilis and date from between 2.5 million and was 650 mms: that of H. 
1.5 million years ago; they have been found erectus was 1.000mm2: 
only on the African continent. This species was and that of H. sapiens is cs 
followed by Homo erectus, which lived from 1.800mm2 Coliectuag 
‘li Fossils 
1.7 million to 300,000 years ago. Fossil 
remains from this species have been found on 
all the continents, but the oldest ones are from 
Africa. After Homo erectus came Homo f 
; ; : ossil 
Sapiens, whose remains, likewise found all Deposits 
over the world, date from about 450,000 years 
ave BE ie ne ee However, : malate Humans represent the highest level attained through | 
acquired their “modern” anatomical evolution. To a series of anatomical improvements | 
appearance about 100,000 years ago. Modern (larger brain, vertical position, prehensile hands, ability Alphabetical . 


to use language, etc.) have been added superior 
ube ong tothe subspecies Home abilities such as reasoning, appropriate responses to a 


Sapiens sapiens. hostile environment, symbolic language, socialization, 
cultural transmission, and so on. 
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STRATIGRAPHY: THE AGE OF FOSSILS 


Sedimentary rocks are made up of various layers of law of nature helps us to analyze the passage of 
sediments deposited one on top of the other. The — time and to categorize some organisms as older than 
oldest are located farthest down, and the upper others simply according to the layer of sediment in 
layers correspond to more recent sediments. This — which they are located. 


STUDYING STRATIFICATION IN SEDIMENTARY ROCKS 


In general, the deeper the layer, the 


Ever since antiquity people have been 
older the fossils it contains. 


interested in studying the earth's geological 
past, and it has been possible to use 
sedimentary rocks for this purpose. They 
have contributed indispensable information 
about the atmospheric conditions, the 





organisms that existed (in fossilized form), : —— n= ssl 
and so on, and the chronological order in | 3 | 

which they appeared. However, in order to 

draw reliable conclusions, the appropriate aoe 


techniques must be used in studying these 7 4 oe | Sala 
rocks, and a few basic criteria should be borne ie 
in mind. 


Sedimentary rocks have been 


compared to the pages of a pe 
book because each layer is 
like a page containing new 
information. 
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When it is known that a type of organism 
lived in a specific time period, its presence 
in a rock is all that’s needed for the 
purpose of dating the rock. So fossils are 
organisms that indicate the geological time 


when rocks were formed. THE IMPORTANCE OF GEOLOGY 


When someone finds fossil shells on a 
mountain, they may ask, “How on earth did 
they get up here if they are from marine 
organisms?” The answer is simply that the 
rock in which they are found today is 
sedimentary rock formed several thousands 
or millions of years ago at the bottom of a sea 
at that time, but that the internal movements 
of the earth (orogenesis) caused the sea to 
rise and form the present-day mountain. 


Each layer of sediment is called a stratum, and the 
arrangement in layers is known as stratification. The 
photograph shows a stratum that clearly contains the 
fossilized remains of shells. 








INDEX FOSSILS 


Amonita 
dactylioceras. P “A 










There are certain fossils that serve to date the 
sedimentary stratum in which they are found 
and indicate the era to which the rest of the 
fossils in the stratum belong. They are called 
index fossils, characteristic fossils, or 
chronostratigraphic fossils. 
In order for a fossil to serve 
as an index fossil, it must 
have three characteristics: 
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1. It must belong to an 
animal group that evolves 
rapidly. 
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2. It must be abundant in & 
the sediments and occupy 


a broad area of distribution. 


Ce 
4 tw 
= 


? cya 14 


PAWS 


ee 


Ls 
IP 
<A 


cui 


K 


Heteromorph 
amonita. 





3. It must be easy to recognize. 


A paleontology laboratory. 


a 


f In order to date rocks or fossils from 
Millions of years ago, lead and radioactive 
analyses are used; for more recent fossils, 

it’s better to use the radioactive carbon 
method. 





Dating methods for determining 
the age of a fossil. 





wy uranium 


A POOR INDEX FOSSIL 


The nautilus cannot serve as a useful 
index fossil because it has continued to 
live up to the present time over the course 
of many millions of years. Its presence in 
a rock tells us nothing about the rock’s 
age because it could have been formed 
several million years or only a few 
millennia ago. 


GOOD INDEX FOSSILS 


Among the best indicator fossils are those 
of foraminifers, trilobites, graptolites, 
ammonites, some mollusks, some 
cephalopods, and some mammals. 





METHODS FOR DATING ROCKS 


In order to determine the era to which a 
certain rock or fossil belongs, a series of 
technical, scientific dating techniques must 
be applied. One of the most current methods 
involves radioactive decay. All materials 
(including those that make up living 
organisms) contain certain chemical elements 
that are transformed into others with the 
passage of time, and some of them emit 
radiation. If we know the rate at which these 
elements change and we analyze a rock, we 
can determine precisely what elements are 
still present and how long ago the organism 
lived. 


When observing a mineral, it's 
important to reflect and 
determine what happened at a 
given site in order for it to 
have formed. 
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HOW DO YOU FIND FOSSILS? 


The study of paleontology is one of the most identifying fossils. However, it’s much more 
Satisfying pastimes known. Visits to museums and _ satisfying to see fossils in the field. For that we have 
expositions to observe fossil displays are interesting to go to specific places because, as we know, fossils 
and also provide a good source of knowledge for aren't found just anywhere. 


Fossils can be found in places where the 
terrain is composed of sedimentary rock 
open to the surface. Some fossils are 
scattered about or partly buried in the ground 
and are easily accessible. Others, however, 
may be part of the bedrock that makes up a 
wall, and if they are not on the surface it's 
impossible to see them. 

The best terrain for finding fossils is made 
up of fine-grained limestone and shale 
because the outer layers are easily split off 
to reveal intact rock faces that may contain 
fossils. 


WHERE CAN YOU FIND FOSSILS? 





Logically, the most 
accessible paleontological 
deposits are those that are 


some building facades are visible or contain fossils that 
constructed from sedimentary are only partly buried. It’s 
rocks and contain visible ee ee 
sei specimens necessary for 
OSSIIS. study or collection without 

destroying the rest of the 

deposit. 








Terrain made up of sedimentary rocks, specifically limestone from the Tertiary: 
right, metamorphic rocks (schists and quartz). 


RULES FOR GATHERING FOSSILS 


Before removing any fossil from the ground we have to consider the 
place where we have found it. If it is a protected site where removing 
any material is prohibited, we must limit ourselves to simple observation. 
There’s no need to feel frustrated because simply finding and 
recognizing fossils in itself provides a great source of satisfaction, and 
good naturalists must always be prepared to put nature ahead of their 
collections. 


Of course if you find a fossil with characteristics that may be interesting 
for paleontological reasons (a specimen never described in a particular 
area, a hominid remain, etc.), you should report it to the administration of 
the protected site or to the nearest museum to have the discovery 
confirmed. 


EVERYTHING IN ITS PLACE 


Protected sites such as 
parks and preserves 
have strict rules for 
respecting the 
environment, such as 
not bothering animals, 
not taking samples of 
plants, rocks, or fossils, 
and avoiding sports 
activities (except for 
walking). 


We should gather fossils (and any other 
material from nature) only if they truly 
interest us and we are going to use them. 
Otherwise, it’s better to just observe them 
and then leave them where we have 
found them. 
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LOOKING IN QUARRIES AND OTHER WORKSITES 


It’s a good idea to take a notebook into the field to record 
the locations of fossils and other data. All this information 
will be useful in identifying them at home later. 
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The gravel base for railroad ties is called ballast. This gravel is made by crushing rocks, 


which often exposes fossils. However, for reasons of safety, you should avoid looking for 
fossils in places {ike this. 








Places where the terrain has been dug up, such as quarries (especially 
limestone ones), road embankments, and train tracks, as well as old, 
abandoned mines, are exceptional locations for finding fossils. However, 
these places can be dangerous; there may be machinery working, traffic, 
or landslides. You should ask permission to enter such areas in the case 
of private property or go in the company of an adult in other cases. Never 
take chances in dangerous places. 





Specialty shops offer fossil and mineral specimens that you can admire or add to your 
collection. 


We mustn't forget that there is a simple way to obtain 
fossils: buy them in a shop. Such specimens tend to be 
nicely cleaned and preserved, and they are a help in 
identifying other samples accurately. 
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5 PREPARING A FOSSIL COLLECTION 
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PREPARING A FOSSIL COLLECTION 





Once you have gone out into the field and collected 
some fossils, you should keep them in such a way 
that no specimens are lost and classify them 
appropriately so that you have a bona fide collection. 
This can be a slightly laborious, difficult task, but will 


FROM THE FIELD TO COLLECTION 


Fossils found in the field are commonly encrusted with sand and rocks 
that should be cleaned off before the specimens are added to the others 
in the collection. Because time and patience are required at the 
beginning it’s a good idea to do this cleaning at home, and so you 
should take the fossil just as you found it without handling it too much. 
At home you can clean it with a bristle brush, and if there are harder 
incrustations, you can use a small awl or a screwdriver to remove them 
gently. 


You have to work 
carefully and 
exercise a lot of 
patience in 
cleaning a fossil; 
otherwise you 
might break it. 





It's a good idea to label or code the fossils so they can be matched up 
with the information in a notebook or file folder. 








be gratifying once you have finished. If you don't 
keep the fossils in an orderly fashion and include 
information about them, they will eventually turn into 
a “pile of rocks” kept in any bag or container that will 
be misplaced sooner or later. 





In searching for fossils you should choose the terrain carefully and avoid disturbing the 
area as much as possible. 


HOW SHOULD THE FOSSILS BE ORGANIZED? 


There are various ways to arrange the fossils in a collection. The best 
way is the one that the owner or collector prefers because that is the 
person who will obtain the most pleasure from it. 

One possibility is to classify the fossils by geological time periods, 
although this is fairly difficult and you have to be familiar with the 
species and the paleontological studies published up to the present time. 
Another method that’s considerably easier but still scientifically rigorous 
is to classify them according to biological groups (plants, arthropods, 
reptiles, etc.). 
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In some cases a fossil can be 
varnished so that it doesn’t lose its 
luster. It’s a good idea to go toa 
specialty shop to find out which 
materials should be used. 


A specialty shop may be a good 
information source for determining 
what fossils you have found and 
even for swapping specimens. 





WHERE SHOULD FOSSILS BE KEPT? 


Undoubtedly the most attractive option is to keep fossils in display 
cases so that your family and friends can enjoy them. However, this is 
not always possible because a lot of space is required. The fossils can 
function as decorative items on bookshelves, but they collect dust and 
have to be cleaned frequently. Another solution is to store them in boxes 
with inner partitions to keep them in order. An identifying label can be 
applied to the bottom of the box next to the specimen, and the boxes can 
have a clear top so that the specimens can be viewed without opening 
them. 


_ The most common way of 
<> keeping fossils is in a box A well-organized 
or a tray. fossil collection. 





A 


©. 


“you have all the pieces of a skeleton from a 
rtebrate animal, it can be put back together and ie 

“kept reassembled. You'll need a base to hold the 

skeleton, metal rods to hold it up, and wire to hold the 

pieces together. 





MOLDS 


Because it’s not always possible to own all the pieces of a biological 
group in a collection, you can try to obtain drawings or photographs of 
missing fossils. You can also buy the ones you need, or in the case of 
rare or expensive specimens, you can purchase imitations sold in 
specialty shops, museums, and other places. 





Triceratops skeleton Partially reconstructed fossils can be found i 
reconstructed using rods, often used to give an idea of how a certain pier 
wires, adhesives, and so on. | 
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THE MOST IMPORTANT DEPOSITS 


Although fossil remains can be found all over the 
world, some deposits are more significant than 
others in terms of quantity or state of preservation. 


EDIACARA FAUNA 


The oldest fossils of multicelled animals date from between 750 million 
and 700 million years ago. Most of them were found in 1947 in Ediacara 
Hills in southern Australia and are known as the Ediacara fauna. These 
specimens are mostly fossilized medusas, segmented worms, and 
coelenterates (specifically sea feathers). 


There are other deposits of such organisms in Charnwood Forest (United 
Kingdom), Mistaken Point (Canada), southwestern Africa, and Russia. 


BURGESS SHALE FAUNA 


The organisms that lived during the Cambrian 

(540 million to 500 million years ago) have been 
designated Burgess Shale fauna because one of the 
main deposits is found in Burgess Shale, Canada. 


The remains 
of a mammoth 
preserved in a 

museum just as 
they were found 
in the field. 


These are places where the conditions for formation 
were particularly favorable during the period in 
which the fossilized organisms lived. 





DEPOSITS RICH IN ORGANISMS FROM THE JURASSIC 


During the Jurassic, extensive areas of what is now western Europe 
were submerged under shallow seas and warm waters. There are 
important deposits from this time period in Germany, most notably in 
Hoizmaden, near Stuttgart, and Solnhofen, in Bavaria. 

Seven magnificent specimens of Archaeopteryx, the first known bird, 
have been found in Solnhofen. 
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Sometimes the imprint 
left by a fossil makes it 
possible to identify the 
organism, as in the case 
of this imprint of a 
Tarracolimulus species 
from the Triassic. 








The remains of icthyosaurs, plesiosaurs, 
pilosaurs, and many other marine animals 
such as sponges, ammonites, bivalves, 
and echinoderms, plus land organisms 
such as reptiles, insects, and plants, 

have been found in Holzmaden and 
Solnhofen. 


Studying the similarities among living species helps in 
identifying many fossil species. The photograph shows 
Limulus polyphemus On a beach. 
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DEPOSITS CONTAINING DINOSAURS 


The Eartt 
Dinosaur remains can be found in many 
areas all over the world, including 
Antarctica. However, the most important | 
remains have been discovered in the western Collecting 
parts of North America, in the Rocky Mountains, and in Minerals 
Connecticut. In an area Known as the dinosaur triangle, located 
between Grand Junction, Colorado; Price, Utah; and Vernal, Utah; 
dinosaur remains are especially abundant. The deposits in Provincial Crystalline 
Dinosaur Park in Alberta, Canada, are also significant. Other important Systems 
sites are in Mongolia, Belgium, England, France, and Germany. On the 
Iberian peninsula dinosaur fossils have been found in La Rioja, and in the 
Mediterranean region, in Morella, Castellon, Valencia, and Lleida. 
Gems 
c Crystals and 
Minerals 
Rocks 
Olduvai Gorge in Tanzania, The appeal of dinosaurs is the result of many 
where anthropologists movies and the manufacture of all kinds of 
discovered the remains of items related to them. The photograph shows 
several human ancestors. a model of Deinonichus, a noteworthy 
carnivore of the Cretaceous. a 


The Formation 


In a deposit located east of Vernal, the fossils of more oie 


= than 100 dinosaurs from at least 9 different genera 

have been found: Stegosaurus, Comptosaurus, 
Cryosaurus, Barosaurus, Apatosaurus, Diplodocus, Extinctions 
Camasaurus, Allosaunrus, and Ceratosaurus. 





Types of 
Fossils 
MAIN AREAS IN WHICH HOMINID 
REMAINS HAVE BEEN FOUND DEPOSITS CONTAINING HOMINIDS 
Fossils of the oldest hominids have been Dinosaurs 
found in deposits in the eastern part of the 
African continent. However, starting with Homo 
erectus, primitive humans spread to all the Nceend 


continents, and their remains and traces of arij Herrera 
their cultures can be found in all of them, 
especially Europe, Africa, and Asia. 












@ ustralopithecus 
* Homo habilis 
Homo erectus 
@ Neanderthal 
© Homo sapiens 
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angle of refraction (of light) 19 
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birds, fossils of 76 
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C 
cabochon 20, 32 
calcareous rocks 37 
calcite 19, 28 
calcium 27 
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Cambrian 55, 68, 70, 73 
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carnivores 83 
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Cenozoic 55, 83, 84 
Centipede fossils 71 
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cerusite 29 
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chemical elements 16 
chemical rocks 49 
chimpanzees 84 
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eruptive rocks 37 
evolution of life 58-59 
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fauna of Ediacara 55 
feldspar 17, 18 
feldspars 32 
ferns 64 
—, fossil 65 
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fossilization, process of 61 
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—, classifying 90 
—, fish 74 
—, formation of 60 
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gastropods 68 
gems 20 
genetic mutations 59 
geodes 17, 40 
geological eras 13, 55 
geological map 12, 13 
geologist’s hammer 13 
glands, mammary 82 
gneiss 30, 32, 35, 53 
graphite 22 
granite 31, 46 
granites 36 
granitic rocks 30, 35, 40 
graptolites 72, 73 

—, growth of 73 
graptoloids 73 
gravel 51, 89 
gymnosperms 64 
gypsolite 41 
gypsum 17, 18, 51 
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Hadic 55 

haloid salts 26 
heliodor 21, 34 
heredity, laws of 59 








hexactinellids 66 
Hexactinnelida 66 
Hildoceras species 68 
holothuroids 69 
homeotherms 78, 82 
hominids 83, 85, 93 

—, fossils of 84 

—, traces of 84 
Homo erectus 85, 93 

habilis 85 

sapiens 85 

—, sapiens sapiens 85 
hydrates 40 
hydrochloric acid 28 
hydrofluoric acid 27 
hydroxides 26 
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Iceland spar 28 

ichnofossils 60 

icthyosaurus 77 

igneous rocks 31, 32, 33, 37, 38, 
41, 43, 44-47 
classification of 45 
composition of 44 
formation of 44 
texture of 45 

iguanodon 78 

ilavite 37 

interfacial angles, law of constancy of 
16 

insectivores 82, 83 

insects 71 

integument 71 

intrusive rocks 45 

iron 26 
—, oxide 26 
—, sources of 26 
—, sulfate 25 


J 
jade 30 
Jurassic 13, 55, 76, 77, 80, 92 


K 
Kalligrama haeckeli 71 


L 
labradorite 32 
labrynthodonts 76 
lapus lazuli 43 
lava 11 
—, solidified 47 
lead, sources of 42, 43 
lead carbonate 29 
life, development of 56 
—, evolution of 58 
—, origin of 57 
fight 19 
decomposition of 19 
polarized 20 
refraction of 19 
limestone 50 
limestone rocks 41 
limonite 27 
lizards 76 
luster 18, 20 


M 
magma 44 
magnesia 28 
magnesium 28 
—, carbonate 28 
magnetic properties 26 
magnetite 26 
malachite 18, 24, 28 
malleability (of silver) 22, 23 
mammalian evolution 82 
mammalian fossils 82-83 
mammary glands 82 
manganese carbonate 29 
mantle 10, 11 
temperature of 11 
map, geological 12, 13 
marble 53 
marine organisms (fossil) 86 
marking minerals 14 
marsupials 83 
mastodon 83 
medusas 67 
Megalosaurus 81 
Mendel, Gregor 59 
Mercury (planet) 54 
(element) 23 
merostomes 70 
Mesozoic 55, 68, 69, 74, 76, 77, 82, 83 
metals, native 22 
metamorphic 33, 36, 37, 43, 52, 
88 
formation of 52 
texture of 52 
transformation of 52 
metatherians 83 
meteorites 11 
mica 31 
microfossils 66 
microscope, mineralogical 20 
Miller's experiment 57 
mimetite 43 
minerallurgy 43 
mineralogy 7, 15 
minerals 14 
—, Classification of 14 
—, collecting 7 
—, filing cabinet for 15 
—, filing cards for 14 
—, gathering 12 
—, marking 14 
Miocene 83, 85 
missing link 64 
Mohs’ scale 18 
molds 56 
mollusk fossils 68 
molybdenite 24 
molyodenum 24 
—, sources of 35 
monoclinic system 17 
Monograptus lobiferus 73 
monometric group 17 
Monoplacophora 68 
moonstone 32 
morganite 35 
multituberculates 83 
mummies 60 
mutations, genetic 59 
myriapods (fossil) 71 
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nautolids 
Neanderthal 84 
Neogenous 55 
Neopilina galatheae 68 
Neornithes 77 
Neuropteris species 65 
nickel, sources of 33 
nickeline 33 
nonmetals, native 22 
nummulites 66 


0 
obsidian 47 
Olduvai Gorge 93 
Oligocene 65 
olivine 30 
onyx 39 
opal 21, 40 

water 40 

fire 21, 40 
Ophiuroidea 69 
orangutans 84 
Ordovician 13, 55, 63, 68 
orthoclase 32 
ostracodes 70 
Ovoviparous Organisms 81 
oxides 14, 26 
oxygen, atmospheric 58 
ozone layer 57 


P 
Paleogenic 55 
paleontology 8, 60 
Paleozoic 55, 62, 66, 68, 69, 72, 74 
panspermia 56 
Paradoxides spinosus 70 
Pasteur, Louis 56 
pegmatite 47 
pencil leads 22 
Permian 13, 55, 62, 63, 65, 75, 76 
Petrified Forest 60 
petrography 15 
Phanerozoic 55 
phosphates 42 
photosynthesizers, first organisms 64 
photosynthesizing elements 56 
photosynthetic activity 58 
pineal eye 75 
placoderms 74 
plagioclase 33 
plane of symmetry 17 
plant fossils 64 
plants, history of 64 
platinum 23 
Plesiosaurus 76-77 
Pliocene 63, 83 
plutonic rocks 36 
polarization prisms 28 
polarized light 20 
polarizing filter 20 
polyps 67 
Porifera (fossil) 66 
Precambrian 64 
precious stones 20 
imitations 21 
cutting 20 
synthetic 21 


primates 83-84 

first 84 

fossil 84 
protected sites 89 
Proterozoic 55 
protohominid 84 
pterosaurs 76-77 
pumice stone 47 
pyrite 17, 19, 24, 25 

crystal 16 
pyromorphite 42 
pyroxenes 47 
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quarries, searching for fossils in 13, 


89 
quartz 17, 18, 19, 24, 38 

—, cat's eye 39 

—, crystal 16 
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—, smoky 38 
quartzite 53 


R 
radioactive decay 87 
radiolarians (fossil) 66 
Ramapithecus 85 
refraction, double 34 
refractory materials 41 
reptiles, evolution of 76 
resistance to scratching 18 
rhabdosome 72 
rhodochrosite 29 
rhodolite 36 
rhombic system 17 
rhyolite 46 
rock crystal 21, 38 
rocks 14 

—, cycle of 52 

—, dating of 87 

—, effusive volcanic 34 
rodents 83 
rubelite 21 
ruby 21, 26 
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saber-toothed tiger 83 
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—, rock 27 
sapphire 18, 21, 26 
sardonyx 39 
Saurischia 78-89 
scheetite 34 
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sial 10 

silicates 14, 30 

silicoflagellata (fossil) 66 

silicon 11 

Silurian 13, 55, 64, 67, 69, 70, 71, 
73 

silver 9, 18, 22, 25 

sima 10 

sinhalite 29 

slate 53 

snakes 76 

sodium chloride 27 

solar system 54 

sorosilicates 36 

spar, Iceland 28 

species, extinction of 62, 63 

specific gravity 18 

spessartine 37 

spiders (fossil) 71 

Spirograptus species 73 

sponges 66 

spontaneous generation, theory of 56 

stegocephalians 75 


Stegosaurus 55, 78 
strata 10 


stratigraphy 86 

stromatolites 64 

strontium, sources of 41 

sulfates 24 

sulfur 23 

sunstone 32 

superposition, law of 49 

symmetry, axis of 17 
—, plane of 17 
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talc 31 
tenacity (of a mineral) 19 
terrace cut 20 
Terracolimulus species 92 
tetragonal system 17 
thermometers, manufacture of 23 
theromorphs 76 
tiger, saber-tooth 83 
tillodonts 83 
tin 9 
tintinids (fossil) 66 
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Triassic period 13, 55, 63, 68, 70, 
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trigonal system 17 

trilobites 62, 70 
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turquoise 42 
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ungulates 83 

unicelled organisms 55 
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vanadinite 43 

vanadium, sources of 43 
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vein (of mineral) 19 
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vertebrates 76 
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warm-blooded animals 78 
wolframates 33 
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zircon 30 
zirconium 17 
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This information-packed atlas 
combines attractive photos and 
illustrations with lucid text to present 
a general overview of fossils and 
minerals from the differing 
perspectives of geology, 
paleontology, and collecting. The 
book’s many color illustrations 
are complemented with brief, 
enlightening descriptions of the 
formation and characteristics 
of the various specimens. 
Readers will also find 
information on the best way 
to collect and classify fossils 
and minerals. Separate 
sections focus on crystals, 
gemstones, metals and nonmetals, 
and sedimentary and igneous rock 
formations, as well as fossilized 
shells, insects, and bones. 
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